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GENERAL INTRODUCTION 
During the last few decades medical science developed rapidly. Nevertheless, 
in the field of therapy results are still limited. Studying the history of 
medicine the reasons for this situation become clear. 
The oldest manuscript which forms the basis of modern medicine is the book 
on anatomy by Andreas Vesalius of 1543 (1). Writing such a book was not an 
easy job in those days, since investigations on dead bodies were not allowed 
for religious reasons. Besides the work on cats and dogs, Vesalius was only 
able to work with bodies of hanged prisoners which he had to steal from the 
gallows and with bodies which he kidnapped from cemeteries in the dark of 
the night. , 
After publication of his master-piece he got recognition of his merits and 
was appointed court-physician of Charles V. 
The Englishman William Harvey was the first to investigate living animals. 
In this way he discovered the function of the heart and hence the existence 
of the circulatory system. Because of the enormous resistance against his 
work, he only dared to publish it in 1628, twelve years after his discovery (2). 
Not so long ago, in the second decade of this century, an Egyptian student 
found in the governmental library of Berlin that the existence of the circu-
latory system had already been described in the 13th century. Ibn an Nafis, 
an Arab physician, was the name of the discoverer (3). 
The Dutchman Antoni van Leeuwenhoek who lived from 1632 till 1723, opened 
the way for further development by his invention of the microscope (4). This 
had enormous consequences for the direction in which medical science devel-
oped later on. For instance, this discovery enabled the Englishman Hooke to 
identify the cell as the unit of life (5). Moreover, the Frenchman Louis 
Pasteur would never have been able to discover the cause of infectious dis-
eases: bacteria (6). Due to the invention of the microscope the knowledge 
of sterility or asepsis, which was first described by Semmelweis (7), who 
detected the infectious character of some diseases, could be further devel-
oped. The discovery of bacteria, in its turn, led to the discovery of peni-
cillin. In 1929 Fleming was the first to suggest this antibiotic for treat-
nent (8). 
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The early development of anatomy combined with the knowledge of the theory 
of sterility and the discovery of penicillin enabled the development of mod-
ern surgery. 
Besides diseases that can be treated by surgery, most diseases caused by 
bacteria can be treated as well. However, exceptions do exist. 
A good example is the endemic disease: caries, which is not yet treatable. 
Because of increasing knowledge of immunology (9), however, it is very like-
ly that in the near future this disease will be prevented by vaccination. 
Despite the progress in the development of medicine, it is clear that for a 
large number of diseases treatment still remains impossible. In fact hereditary 
diseases can hardly be treated at all. This is caused by the fact that in-
sight is lacking in many fundamental processes. The introduction of the ul-
tracentrifuge, the electron-microscope and the use of radioactive tracers, 
initiated a remarkable progress resulting in the development of modern bio-
chemistry. 
When Watson and Crick (10) proposed their double helix model of DNA it be-
came understandable why all hereditary information is located in such a 
structure. Subsequently it was generally accepted that macromolecules deter-
mine the cellular properties. Because of their enormous potential for 
structural variability, proteins must be very important in this respect (11). 
It is obvious that the study of protein biosynthesis and its regulation is 
of fundamental importance for further development of medical science. 
The eye lens, as will be demonstrated later, forms an ideal model for the 
study of these processes in a general sense. Moreover, knowledge of lens 
biochemistry will be of importance for the study of other tissues of ecto-
dermal origin, like the hair, the nail, the epidermis, the sebaceous gland 
and the cornea that all show a similar pattern of embryologie development 
and cellular differentiation. These tissues per se are much less accessible 
for biochemical investigation, because of the insolubility of their proteins 
in buffers and because of the complexity of their structures. 
Therefore, in particular for further development of dermatology, knowledge 
of the lens system is relevant. 
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INTRODUCTION TO THE CHAPTERS 
17 
The vertebrate eye lens is a well-defined structure. It forms throughout the 
whole life-span of the organ long fiber cells which arise from a monolayer 
of epithelial cells situated at the anterior part of the lens (See Figure). 
Its final structure resembles an onion with concentric layers of long fibers 
around a central part, called nucleus or core. This nucleus is nothing else 
than fiber cells formed during the embryonic and fetal stages. Fibers formed 
in the later stages are arranged at the periphery or cortex of the organ. 
It is this structure which records the events of lens cell-differentiation. 
SCHEMATIC DRAWING OF THE LENS 
Lens Epithelium 
The morphological feature of lens cell elongation is paralleled by the for-
mation of plasma membranes. The fibers, as compared to the epithelial cells, 
from which they originate, have a very high surface-to-volume ratio and are 
devoid almost completely of other membranous entities, such as endoplasmic 
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reticulum. The lens, therefore, is one of the best sources for the isolation 
of plasma membranes. Moreover, the lens fibers represent also a very suit-
able system for the study of the molecular organization of intercellular 
junctions, since large areas of the fiber surface are connected by these 
structural elements (1, 2, 3). In the first chapter of this thesis a method 
is described for the isolation of plasma membranes from eye lens fibers. 
When the lens epithelial cells differentiate into fibers, as already stated, 
most of the cell organelles with exception of the plasma membranes and the 
polyribosomes in the outer fiber layers disappear. Since the fibers lack 
nuclei, while protein synthesis continues, one reaches the conclusion 
that the messengers involved are stabilized (4, 5). 
This, and the fact that the bulk of lens proteins, the crystallins, is not 
only water-soluble, but also consists of only a few specific polypeptides, 
were the reasons that the lens system was one of the best to be chosen for 
the isolation of mRNA (6). 
Moreover, the presence of stabilized mRNA enabled the preparation of a via-
ble cell-free system, so that the mechanism of protein synthesis could be 
studied in vitro (7). 
After the protein pattern of lens membranes had been established (8) and the 
urea-soluble fraction was analysed (9), one reached the point where the 
total set of lens proteins had been characterized. It then became interesting 
to investigate whether the non-crystallin polypeptides were also synthesized 
in the lens fibers. In chapter 2 of this thesis it is described that this 
is indeed the case. Since a method for the isolation of mRNA, coding for the 
non-crystallin proteins, had never been reported, such a method was developed. 
This is described in chapter 3. 
A very specific aspect of the lens is that it never sheds its cells. There-
fore, strictly speaking, there is no phenomenon comparable to "normal" cell 
death and all changes observed in the inner fibers can be attributed to aging 
or maturation. This is the reason why the lens is the best organ for the 
study of functional or non-functional post-translational modifications (10) 
which are now generally accepted to be fundamental processes (11). 
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Whereas numerous studies have been undertaken to study post-translational 
modifications of a-crystallin (12, 13), very little was known about the fate 
of ß-crystallin polypeptides in the eye lens. The study of post-translation-
al events with respect to ß-crystallin seemed very useful since experiments 
with whole lenses and the lens cell-free system (7) suggested that one of 
the ß-aggregates, ß„ is not synthesized directly, but arises by association 
~ я 
of β components with the specific β polypeptides. It might, therefore, 
il H 
well be that post-translational modifications are involved in the formation 
of this polymeric protein molecule. 
Van Kamp (14) had already found that the amount of β increases from epithe-
H 
lium to nucleus, while the β content decreases markedly. We investigated 
L 
this phenomenon at the level of the β_, subunit composition. In chapter 4 of 
ti 
this thesis evidence is provided that post-translational modification of one 
β polypeptide is a prerequisite for the incorporation of the major β com­bi Η 
ponent, βΒ , into the polymeric molecule. 
Ρ 
One may ask whether post-translational modifications only occur with crys-
tallin polypeptides or whether also formation of lens membrane components 
might depend on such events. The question then arises whether lens membrane 
differentiation, in casu, formation of the fiber junctions is accompanied 
by the synthesis or the post-translational formation of new lens fiber mem­
brane polypeptides, different from those of epithelial membranes. 
Some evidence in favor of this assumption had already been provided since 
it was shown, by means of electronmicroscopy, that the formation of the 
extensive system of junctions which connect the lens fibers at the stage of 
their terminal differentiation is accompanied by the accumulation of parti­
cles, probably of protein nature (15). 
In order to answer this question, a method had to be developed for the iso­
lation of epithelial plasma membranes. In chapter 5, it is described that, 
employing this technique, a different protein pattern is obtained for epi­
thelial membranes as compared to those from lens fibers. Two predominant 
components with a molecular weight of 34,000 and 45,000 respectively are 
found in both types of membranes, whereas an additional polypeptide of mo­
lecular weight 26,000 is found in the fraction, highly enriched in communi­
cating junctions. 
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Employing the technique of immunoprecipitation, it could be proved that bio-
synthesis of the 34,000 molecular weight protein does occur in the lens fi-
bers. However, biosynthesis of the 26,000 molecular weight protein hitherto 
escaped detection. It cannot be excluded that this component is formed by 
a post-translational modification. 
In order to avoid confusion in the identification of lens plasma membrane 
components and to facilitate the discussion between students of the same 
problems we believed that it would be helpful to introduce a rational no-
menclature. Our proposal for this nomenclature is described in chapter 6 of 
this thesis. 
Since the protein biosynthetic activity of the lens fibers had largely been 
clarified we initiated studies to establish the protein pattern of lens epi-
thelia. Some authors had already studied this problem (16, 17), but histo-
logic examination revealed that their epithelial preparations were contami-
nated with fiber cells from the outer lens periphery. Moreover, it was shown 
that the lens epithelium consists of three morphologically different types 
of cells, representing different stages of differentiation. We investigated 
the protein biosynthetic activity of the different cell types. It was found 
that the membrane protein of 34,000 molecular weight is synthesized in all 
types of cells. On the other hand, with exception of the B_ chain of a-crys-
tallin, almost no synthesis of crystallin polypeptides does take place in 
the central lens epithelium. Non-crystallin polypeptides, however, seem to 
be more abundant in this part of the lens. These results are described in 
detail in chapter 7. 
The fact that the lens does not shed its cells demands a very precise growth 
and differentiation regulatory mechanism since excessive growth would lead 
to a larger lens which would eventually lead to presbiopia of the eye (18). 
The presence of chalones in the lens has been suggested by Voaden and 
Leeson (19, 20, 21) but regulation of the pentose-phosphate cycle activity, 
another factor in regulation of mitosis and differentiation (22, 23), had 
never extensively been investigated. Therefore, we studied the metabolism 
of the adrenal steroid hormone dehydroepiandrosterone, an inhibitor of glu-
cose-6-phosphate dehydrogenase in the lens epithelium. Three metabolites 
were found and identified and their inhibition of glucose-6-phosphate dehy-
drogenase was characterized. These results are described in chapter 8. Since 
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the predominant metabolite was Voc-hydroxy-dehydroepiandrosterone, the mech-
anism of steroid hydroxylation was further investigated. It appeared that a 
monooxygenase is involved. The enzyme remains present in the lens cells 
during the process of differentiation, whereas some other membrane-bound 
enzymes are lacking in the fiber cells. This and the fact that the enzyme 
involved appeared to be highly specific for dehydroepiandrosterone, as is 
demonstrated in chapter 9, strongly suggests a regulatory role for this hor-
mone in lens growth and metabolism. 
It has already been known for a long time that cells in tissue culture lose 
some of their in vivo characteristics. If for example, a piece of mouse skin 
is dissociated into a suspension of single cells, small, skin-resembling 
structures can be acquired again after reaggregation of the cells. However, 
when the cell suspension is brought in monolayer culture, the cells lose 
this capacity after a few days (24). It has been proved that the changes in 
the cells causing the diminished capacity to reaggregate into structures re-
sembling the original tissue are actually changes in the architecture of the 
plasma membrane (25). In this connection it has also to be mentioned, that 
after transformation of cells, changes of the cell surface have been de-
scribed (26). Moreover, it has been shown that mitosis can be induced by 
mild treatment of cells with proteolytic enzymes (27). The study of dedif-
ferentiation of cells in tissue culture and the accompanying changes in 
biosynthetic activities might be a helpful tool for the investigation of 
those processes, which are responsible for the maintenance of tissue integ-
rity. 
The lens epithelium seems to be a unique system for the study of cellular 
dedifferentiation. In vivo, the lens grows under conditions resembling those 
of tissue culture, namely, it is growing in a monolayer, and it is not nour-
ished by blood supply as other tissues but mainly by nutrients from the 
aqueous humor. 
Studies with lens epithelium are facilitated since the proteins synthesized 
in the epithelium have been identified (chapter 7) and an isolation method 
for epithelial plasma membranes has been described (chapter 5). In chapter 
10 of this thesis it is described that lens epithelial cells can be kept in 
their original differentiated state or brought to dedifferentiation depending 
on the culture conditions. The different stages of differentiation can be 
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identified using specific markers, namely the activity of steroid metabo-
lizing enzymes, and the synthesis of specific structural lens polypeptides. 
The results described in this thesis warrant the conclusion that eye lens 
tissue explored for biochemical studies since 1894 can still successfully 
be used for the study of key processes in molecular biology in 1977. 
23 
REFERENCES 
1. Dunia, I., Sen Ghosh, С , Benedetti, E.L., Zweers, A. and Bloemendal, Η. 
(1974) Isolation and protein patterns of eye lens fibre junctions. 
FEBS letters, 4S_, 139-144. 
2. Benedetti, E.L., Dunia, I. and Diawara, A. (1973) The Organization 
of the plasma membrane in mammalian cells. 
Europ. J. Cancer. 9_, 263-272. 
3. Benedetti, E.L., Dunia, I., Bentzel, C.J., Vermorken, A.J.M., Kibbelaar, M. 
and Bloemendal, Η. (1976) A portrait of plasma membrane specializations in 
eye lens epithelium and fibers. 
Biochim. Biophys. Acta, 457, 353-384. 
4. Papaconstantinou, J., Stewart, J.A. and Koehn, P.V. (1966) A localized 
stimulation of lens protein synthesis by actinomycin D. 
Biochim. Biophys. Acta, 114, 428-430. 
5. Stewart, J.A. and Papaconstantinou, J. (1967) Stabilization of mRNA tem­
plates in bovine lens epithelial cells. 
J. Mol. Biol. 29, 357-370. 
6. Berns, A.J.M., Strous, G.J.A.M. and Bloemendal, Η. (1972) Heterologous 
in vitro synthesis of lens a-crystallin polypeptides. 
Nature New Biol. 236, 7-9. 
7. Strous, G.J.A.M., van Westreenen, H., van der Logt, J. and Bloemendal, Η. 
(1974) Synthesis of lens protein in vitro. The lens cell-free system. 
Biochim. Biophys. Acta, 353, 89-98. 
8. Bloemendal, Η., Zweers, Α., Vermorken, A.J.M., Dunia, I. and Benedetti, 
E.L. (1972) The plasma membranes of eye lens fibres. 
Biochemical and structural characterization. 
Cell Diff. J_, 91-106. 
9. Kibbelaar, M. and Bloemendal, Η. (1975) The topography of lens proteins 
based on chromatography and two-dimensional electrophoresis. 
Exp. Eye Res. 21, 25-36. 
24:, 
10. Jong, W.W. de, Kleef, F.S.M, van, and Bloemendal, H. (1974) Intracellu­
lar carboxy-terminal degradation of the αΑ chain of a-crystallin. 
Eur, J. Biochem. 48_, 271-276. 
11. Goldberg, A.L. and St. John, A.C. (1976) Intracellular protein degrada­
tion in mammalian and bacterial cells: part 2. 
In E.E. Snell, P.D. Boyer, A. Meister and C.C. Richardson (Eds.). 
Annual review of biochemistry, pp. 747-803. (Palo Alto: Annual Reviews 
Ine.). 
12. Delcour, J. and Papaconstantinou, J. (1972) Biochemistry of bovine lens 
proteins. IV. Synthesis and aggregation of a-crystallin subunits in 
differentiating lens cells. 
J. Biol. Chem. 247, 3289-3295. 
13. Kamp, G.J. van, Schats, L.H.M. and Hoenders, H.J. (1973) Characteristics 
of a-crystallin related to fibre cell development in calf eye lenses. 
Biochim. Biophys. Acta, 295, 166-173. 
14. Kamp, G.J. van. Thesis (1973) 
University of Nijmegen. 
15. Benedetti, E.L., Dunia, I. and Bloemendal, Η. (1974) Development of 
junctions during differentiation of lens fibers. 
Proc. Nat. Acad. Sci. U.S.A., 7J_, 5073-5077. 
16. Papaconstantinou, J. (1967) Molecular aspects of lens cell differentia­
tion, 
Science (New York) 156, 338-346. 
17. Van Venrooij, W.J., Groeneveld, A.A,, Bloemendal, Η. and Benedetti, E.L. 
(1974) Cultured calf lens epithelium. I. Methods of cultivation and 
characteristics of the cultures. 
Exp. Eye Res, 18_, 517-526. 
18. Weale, R.A. (1963) In: The aging eye. 
H.K, Lewis. London. 
25 
19. Voaden, M.J. (1968) A chalone in the rabbit lens? 
Exp. Eye Res. 7, 326-331. 
20. Voaden, M.J. and Leeson, S.J. (1970) A chalone in the mammalian lens. 
I Effect of bilateral adrenalectomy on the mitotic activity of the 
adult mouse lens. 
Exp. Eye Res. 9^  57-66. 
21. Leeson, S.J. and Voaden, M.J. (1970) A chalone in the mammalian lens. 
II Relative effects of adrenaline and noradrenaline on cell division 
in the rabbit lens. 
Exp. Eye Res. 9_, 67-72. 
22. Holzmann, H., Franz, J., Morsches, В., Oertel, G.W. and Degenhardt, K.H, 
(1972) Zur Wirkung des dehydroepiandrosterons auf die Mitose in Lympho-
zytenkulturen. 
Dtsch. Med. Wschr. 97_, 1570-1571. 
23. Oertel, G.W., Rindt, W., Brachetti, A.K.J. Holzmann, H. and Morsches, В. 
(1972) Metabolism of free DHEA and certain sulfoconjugates in cell cul­
tures from neoplastic and normal human tissue. 
Steroids Lipids Res. 3_, 345-352. 
24. Moscona, A.A. (1964) in The Epidermis (ed. W. Montagna and W.C, Lobitz 
Jr) ρ 83. Academic Press, New York-London. 
25. Mc Guire, E.J. (1972) in Membrane Research (ed. C.F. Fox) ρ 347. 
Academie Press, New York-London. 
26. Hakomori, S., Kijimoto, S. and Siddiqui, в. (1972) in Membrane Research 
(ed. C.F. Fox) ρ 253. Academie Press, New York-London. 
27. Burger, M.M, in Membrane Research (ed. C.F. Fox) ρ 241. 
Academic Press, New York-London. 
26 
CHAPTER 1 
THE PLASMA MEMBRANES OF EYE LENS FIBRES. 
BIOCHEMICAL AND STRUCTURAL CHARACTERIZATION* 
H.BLOEMENDAL, Anneke ZWEERS, F.VERMORKEN 
Department of Biochemistry, University of Nijmegen, The Netherlands 
and 
I. DUNIA and E.L. BENEDETTI** 
Department of Electron Microscopy, Institute of Molecular Biology, 
University of Paris, France 
Accepted 10 February 1972 
Plasma membranes have been isolated from calf eye lens fibre cells. The purified 
fraction is characterized by the occurrence of a large number of junctional com-
plexes. The cholesterol phospholipid ratio is approximately 0.7, a value in be-
tween the values reported for erythrocyte ghosts and liver plasma membranes. 
Specific membrane protein components have been separated electrophoretically 
from structural lens proteins. 
The eye lens has a number of unique features which makes this organ most 
suitable for studies of cell differentiation. The main cellular constituents of the lens 
are the fibres origmating from the epithelial cells which exist as a monolayer. 
During the process of differentiation most of the cellular organelles disappear with 
exception of the plasma membranes surrounding each individual fibre. The lens, 
therefore, is one of the best sources for the isolation of plasma membranes since the 
fibre cells have a high surface—volume ratio (Waley, 1970). 
When a lens is dissolved in an aqueous solution by stirring, an insoluble fraction 
remains containing the so-called albuminoid (Momer, 1894). Up till now not much 
attention has been paid to the membranes which are present in the water-insoluble 
fraction. All attempts to isolate lens membranes have been so far restricted to the 
fraction which remains insoluble when the albuminoid is extracted by guanidine or 
urea (Dische et al., 1969). The present paper is dealing with isolation and partial 
•Dedicated to Professor H.Veldstra on the occasion of his retirement from the chair of bio-
chemistry of the University of Leiden. 
**Part of this work has been carried out while the author was guest professor of the Science 
Faculty at the University of Nijmegen. 
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Plasma membranes of eye lens fibres 
characterization of the water-insoluble plasma membrane-rich fraction from calf 
lens cortex. 
MATERIALS AND METHODS 
Calf eyes were obtained from the slaughter house and transported on ice to the 
laboratory. The lenses were isolated and the epithelium and capsula removed. From 
the remaining tissue only the cortical region, being approximately 50% of the total 
lens wet weight was used. Lens tissue (120 g wet weight) was suspended in 200 ml 
1 mM ЫаНСОз + 1 mM CaC^. The mixture was homogenized in a blender at low 
speed for 1 min. In a number of experiments the homogenization was carried out in 
an all-glass Potter—Elvehjem tissue grinder. The homogenate was diluted with 1 mM 
ЫаНСОз to a final volume of 1.5 liter and kept for 5 min in ice under occasional 
stirring. Thereafter the homogenate was centrifuged in the GSA rotor of a Servali 
Model RC 2-B centrifuge at 7000 ¿r for 20 min. The supernatant was decanted and 
the sediment resuspended in 1.5 liter 1 mM ЫаНСОз. The washing procedure was 
repeated three times. The final pellet was resuspended in 240 ml bicarbonate and 
centrifuged in rotor SS 34 of the Sorvall centrifuge at 12,000 g for 20 min. This 
crude preparation suspended in ЫаНСОз was added to a 81% (w/v) sucrose solu­
tion. The resulting density in the final volume was 1.22. 13 ml of the latter suspen­
sion was transferred to a tube of the SW 27 rotor of the Spinco preparative ultra-
centrifuge. The following sucrose solutions in volumes of 5.6 ml were layered on 
top of the sample: d 1.20, d 1.18, d 1.16, d 1.14. Centrifugation was performed at 
27,000 rpm for 150 min. 
In some experiments the crude preparation resuspended in 40 ml bicarbonate 
was incubated with a mixture of 50 Mg trypsin and 50 Mg chymotrypsin per ml at 
0 oCfor5hr. 
After 5 hr of incubation, 4 mg trypsin inhibitor was added and the suspension 
was centrifuged at 12,000 g for 20 min. The pellet was processed as described 
above. A sucrose layer with a density of 1.08 was added. The volume of each layer 
was reduced to 4.8 ml. Preparations were collected by puncturing the tube walls at 
the appropriate interface. 
Chemical determinations 
Protein was measured according to Lowry et al. (1951) using bovine serum 
albumin as standard. Р4 was determined by the method of Fiske et al. (1925). 
Lipids were extracted as described by Folch et al. (1957) and a factor of 25 was 
used to convert Mg phosphorus to Mg phospholipid. Cholesterol was measured ac­
cording to Zlatkis et al. (1953) at carefully controlled temperature conditions. 
The spectrophotometric method for the micro-determination of hexosamine as 
developed by Dische et al. (1950) was used. Sialic acid content was measured 
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according to Warren (1959) applying appropriate correction for deoxyribose con­
tamination. RNA was estimated by the Schmidt—Thannhauser method ( 1945). 
Enzyme assays 
The following enzymic activities were assayed according to the methods given in 
the references. Total ATPase activity and Na—К ATPase activity were determined 
as described by Bonting et al. (1961). 5'-mononucleotidase was measured as de­
scribed by Persijn et al. (1970). 
Acid Phosphomonoesterase was assayed according to Bessey et al. (1946) and 
alkaline phosphatase was determined with a continuous-flow method using p-nitro-
phenylphosphate as a substrate (Bessey et al., 1946) and 2-ammo-2-methyl-
propanol-1 as a buffer. 
Gel electrophoresis 
Polyacrylamide SDS gel electrophoresis was carried out according to Weber et al. 
(1969). 
Polyacrylamide urea gel electrophoresis was carried out as described by Bloe­
mendal (1963). The 'large-pore' type of gel columns was used which contained 1% 
Triton X-100. 
Electron microscopy 
Membrane pellets were fixed in the following solutions: 
(a) 6% gluteraldehyde in 0.1 M phosphate buffer, pH 7.2 and postfixed in 2% OSO4 
in the same buffer. 
(b) 6% gluteraldehyde in 0.1 M cacodylate buffer, pH7.2, and postfixed in 2% 
OSO4 in the same buffer. The blocks after repeated washing in Michaelis buffer, 
pH 5, were stained in 2% uranyl acetate in the same buffer according to 
Farquhar and Palade (1963). 
(c) Lantanum nitrate and potassium permanganate solution according to Lesseps 
(1967). 
All samples after dehydration were embedded in Vestopal W. Thin sections were 
examined either unstained or double-stained with uranyl acetate and lead citrate. 
Negative staining was performed on suspensions of membranes in 1.1% ammonium 
acetate using potassium phosphotungstate either at 370C or at room temperature. 
Freeze-etching of unfixed material was performed in a Balzers apparatus. Some 
samples were resuspended in 25% glycerol. The etching time was 1-2 min at 
—100oC. Electron microscopical observations were made with an EM 300 Philips 
using 80 kV acceleration voltage. In order to prevent contamination a cooling 
device was routinely applied. 
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RESULTS AND DISCUSSION 
Structural features of the isolated fractions 
The characterization of the lens fibre plasma membrane-rich fraction is based on 
electron microscopic observations on thin sections of several embedded samples. 
The crude preparation consists of fibre ghosts still adhering to each other. 
Within the ghost some ribosomal clusters and intricate mesh work of filaments 
adhering to the inner surface of the plasma membranes are visible (fig.l). 
Fig.2 illustrates the most common and characteristic structural feature of the 
fraction found at the interface between densities 1.14—1.16. It can be seen that the 
material mainly consists of large fragments of membranes having a triple layered 
structure (fig.2, insert). In this fraction no other recognizable structures such as 
mitochondria, rough endoplasmic reticulum vesicles or nuclear fragments have been 
observed. The plasma membranes isolated from two adjacent lens fibres are either 
running parallel to each other or forming large circular profiles containing vesicular 
elements of various shape and dimension. These vesicles very likely originate from 
projections or infolding of the limiting membranes of the lens fibres in specialized 
regions of the cell surfaces. In addition a large number of junctional complexes are 
also present. The most common type is characterized by a penta-layered structure 
resulting from the tight contact of the two adjoining plasma membranes (fig.2 and 
insert). The central region of the junction, regardless the type of fixation or em-
bedding technique, seems to lack the clear separation by a uniform 20—30 Â space 
as it has been described in the true gap-junction in other tissues (cf. Benedetti et 
al., 1971). The intermediate dense lamina is interrupted by a series of narrow 
intervals, interspaced by tiny regions of fusions of the two outer leaflets. Studies 
still in progress (to be published elsewhere: Dunia et al., 1972) on freeze-etched 
isolated plasma membranes provide further evidence for the peculiar feature of the 
junction found in this material. Fig.3 shows an en-face view of freeze-etched iso-
lated lens plasma membranes. At the upper region (PM) the replica reveals that the 
fracture plane has probably passed throughout the middle of one plasma membrane 
adjacent to the junctional region. The exposed fracture surface dotted by clusters 
of particles probably corresponds to the inner aspect of the juxtacytoplasmic 
leaflet. The fracture then has passed through the junction along its middle region 
(J). Two cleavage planes are now visible which are not usually seen in other 
membrane regions. The upper exposed fracture face (Jj) has a rather smooth ap-
pearance and is dotted only with a few particles. This layer which may correspond 
to the interlocking material present in the middle layer, appears to be interrupted in 
a number of places. Somewhere the fracture has removed from the upper layer very 
irregularly shaped plaques and exposed the inner face dotted by a number of 
closely packed particles (J2). In other regions small round-shaped plaques have been 
chipped off from the upper layer (Jj) and arrays of hexagonally packed subunits 
are exposed. 
Up till now it was generally accepted that the junctions found in lens tissue were 
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Fig.l. Fibre ghosts still adhering together by junctional complexes (J). Note the presence of 
large circular profiles containing vesicular elements (IP). 
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Fig.2. Isolated lens plasma membranes gathered at the interface between d 1.14 and d 1.16. In 
the insert the triple-layer structure of the membrane is shown, the arrow points to a junction 
having a penta-layer feature. A number of vesicular elements (IP) are probably originating from 
intercellular projections. 
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Fig.3. Replica of isolated lens plasma membranes. The upper region (PM) probably corresponds 
to the inner fracture face of the juxta-cytoplasmic leaflet. Jj indicates the fracture face proba-
bly corresponding to the middle region of the junction. J j indicates the layer situated under-
neath which appears to be dotted by a number of particles. The arrows point to the round-
shaped areas with a regular lattice of particles. 
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true occluded zones or tight junctions (Cohen, 1965; Leeson, 1971; Gorthy et al., 
1971). However, our present observations do not allow this conclusion. The tight 
junctions studied by freeze-etching in other tissue than lens are usually charac-
terized by the presence of interconnected series of concertina-like ridges and of 
corresponding arrays of interconnected furrows (Chalcroft et al., 1970). This last 
feature has never been found so far in isolated lens fibre membranes. The structural 
organization of the lens junction differs also in some respect from the true gap 
junction present in glandular epithelium such as liver cells. In fact a large fracture 
surface showing a hexagonal lattice of repeating subunits with 90 Â center-to-center 
distance characteristic for the gap junction (cf. Benedetti et al., 1971) has not yet 
been observed in our material. 
It is likely that specific junctions found in different tissues are related to some 
functional requirement. In lens cortex the remarkable and extensive presence of a 
peculiar type of junction may be consistent with a suitable design insuring high 
transport of metabolites and ions from the epithelial monolayer throughout the 
entire lens and mechanical strength of lens fibres counteracting lens accommoda-
tion. 
In the fraction found at the interface between densities 1.16—1.18, membrane 
fragments showing the same morphological feature as described above are present. 
Moreover, two other components are observed. One is represented by ribosomal 
clusters adhering to the membranous sheets via a few monomers (fig.4). The plasma 
membrane nature of the membranous sheet where polyribosomes are attached 
could be deduced by the presence of junctional complexes interspaced between the 
membrane segments. The other component is mostly fibrillar and forms an intricate 
mesh-work. The filaments have a thickness of about 50 Â. They run in different 
directions and mostly end at the inner surface of the plasma membrane fragments. 
The attachment of these filaments to the inner surface of the junctional complexes 
is less obvious. 
When the crude preparation of lens membranes is treated with trypsin and 
chymotrypsin, a membrane fraction is again located at the interface between d 1.14 
and d 1.16. In contrast with the untreated membrane preparation, the fraction at 
the interface between d 1.16 and d 1.18 has almost disappeared. Moreover, a rather 
thick layer at the interface between d 1.08 and d 1.14 is observed. This fraction 
consists of large membranous fragments having the unit membrane appearance and 
forming vesicular profiles of various shape and dimension (fig.5). Many junctional 
complexes are present in this fraction showing the penta-layered structure (compare 
the insert). The trypsin treatment seems to affect the attachment of the polyribo-
somes and fibrillar material to the plasma membranes since both components are no 
longer found in the isolated fractions. In addition, the removal in variable propor-
tions of protein from the membranes (compare table 1) probably affects the 
buoyant density of the membrane fragments which originate from the plasma 
membranes and have been found as main constituents in the interface between the 
d 1.08 and d 1.14 layer. 
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Fig.4. Isolated plasma membranes gathered at the interface between d 1.16 and d 1.18. The 
arrows point to the ribosomal clusters attached to the inner surface of the membranes. 
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Fig.5. Isolated plasma membranes after treatment with proteolytic enzymes collected at the 
interface between d 1.08 and d 1.14. Note the number of junctions present in this fraction. The 
insert shows the penta-layer structure of the junction. 
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Table 1 
Gross composition of isolated plasma membranes from calf lens. (The values given are the means 
of three determinations.) 
Treatment None Trypsin 
Interface in the dis- d l . 1 4 - d l . 1 6 d l . 1 6 - d l . 1 8 d 1.08-d 1.14 d l . 1 4 - d l . 1 6 
continuous gradient 
Yield (mg protein/100 
g wet w t of lens 
cortex 32 14.6 47.5 4.2 
Total lipid (mg/mg 
protein) 1.25 1.00 
Phospholipid (mg/mg 
protein) 0.58 0.39 0.77 0.72 
Percentage phospho-
lipid of total lipid 46 — - — 
Cholesterol (mg/mg 
protein) 0.202 0.168 0.268 0.240 
Molar ratio cholest-
erol/phospholipid 0.69 0.86 0.70 0.67 
Sialic acid H2SO4 hydrol-
ysis (nmol/mg protein) 25.6 21.4 25.9 -
Neuraminidase hydrolysis 
(nmol/mg protein) 19.1 17.6 24.3 
Hexosamine HCl hydrol-
ysis (nmol/mg protein) 128 95 140 157 
RNA (Mg/mg protein) 0.8 1.8 0.6 
Electrophoretic characterization 
The common procedure to determine the number and variety of membrane-
protein components is Polyacrylamide gel electrophoresis. Membrane proteins are, 
as a rule, separated more easily in a detergent than in a non-detergent gel system. In 
urea-containing gels at alkaline pH the water-soluble lens proteins dissociate into a 
number of polypeptide chains (Bloemendal et al., 1962). If this method is applied 
to solubilized plasma membranes two bands are localized in the same position as 
the acidic polypeptide chains of a-crystallin. Staining for lipoprotein and glycopro-
tein reveals that a third component on this type of gels is membrane specific (fig.6). 
Since these stainings occur in exactly the same position it is hard to draw definite 
conclusions concerning the nature of this component. Either of the three following 
possibilities may be envisaged. 
(1) The band represents a lipo-glycoprotein. 
(2) Either a lipid or a sugar residue is linked to the same protein. 
(3) A lipid or a sugar residue is linked to different proteins resulting in two compo-
nents with the same electrophoretic mobility. 
Polyacrylamide electrophoresis on SDS gels allows a clearcut separation of 
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Fig.6. Gel electrophoresis of solubilized lens plasma membrane proteins on Polyacrylamide gels 
containing 7 M urea at pH 8.9; (a) staining with oil red O; (b) staining with periodic Schiff 
reaction; (c) staining with amido black; (d) for comparison the pattern of water-soluble lens 
proteins under the same conditions is given. 
water-soluble lens proteins from membrane protein (fig.V). Despite extensive wash­
ing of the membrane preparation, as described in the Methods section, water-
soluble lens protein components are detected in all electropherograms (compare 
fig.7a with 7b—e). Especially a-crystallin seems to be tightly bound to membranes. 
In this connection it has to be mentioned that Bracchi et al. (1971) demonstrated a 
selective binding of aged a-crystallin to lens fibre ghosts. One may question whether 
this interaction between the crystallins and the plasma membrane is an essential 
feature of the lens whose main function is its role in vision. The possibility exists 
that controlled interaction between crystallins and membrane components is a 
structural requirement for the maintenance of correct refraction. 
Trypsin treatment of the lens membranes has a striking effect on the electro-
phoretic band pattern (compare fig.7e). The high molecular weight components 
virtually disappear while the mobility of the predominant band (PB) slightly in­
creases. On the other hand the so-called В chains of a-crystallin (Bloemendal, 
1969) seem to be unaffected by trypsin. The strong interaction between water-
soluble lens crystallins and the membranes is further demonstrated by the observa­
tion that 7 M urea treatment of the solubilized membranes does not result in 
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Fig.7. Gel electrophoresis of solubilized lens plasma membrane proteins On Polyacrylamide gels 
containing SDS; (a) for comparison the pattern of water-soluble lens proteins is shown; (b) puri­
fied lens plasma membrane fraction solubilized in 1% SDS + 1% mercaptoethanol; (c) mem­
brane fraction (b) insoluble in 7 M urea; (d) membrane fraction (b) soluble in 7 M urea; 
(e) membrane fraction derived from trypsin-treated crude preparation. Electrophoresis was 
performed on 14 cm Polyacrylamide gel columns containing 0.1% SDS, 5 mA per gel tube for 
13-14 hr. 
complete removal of the crystallins (fig.7c). In conclusion purified lens membranes 
apparently contain one predominant component (PB) which always has a fuzzy 
appearance. The molecular weight of this component has been estimated at ap­
proximately 38,000 dalton by the method of Shapiro et al. (1967). 
Biochemical characterization 
A number of chemical characteristics of isolated lens plasma membrane fractions 
are summarized in table 1. From the values listed it appears that the molar ratio of 
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cholesterol to phospholipid is higher than in liver plasma membranes (Emmelot et 
al., 1964; Ashworth et al., 1966) and lower than in erythrocyte ghosts and myelin 
(Ashworth et al., 1966). 
The total lipid content is comparable to that reported for highly purified rat 
liver plasma membranes (Coleman et al., 1967). 
Neuraminidase liberates 73% of the total sialic acid content as in rat liver plasma 
membranes (Benedetti et al., 1968). After mild proteolytic treatment neuramini-
dase action releases almost 93% of terminal sialic acid. Presumably sialic acid is 
better exposed after this treatment. This observation seems to be consistent with 
the fact that after trypsin digestion the sugar non-terminal residues of the cell 
surface are more easily accessible to phytagglutinin-binding (Nicholson, 1971). The 
RNA content is very low in the membrane fraction which concentrates at the 
interface between d 1.14 and d 1.16. As expected in the d 1.16—d 1.18 layer where 
ribosomal clusters were observed, the RNA content is somewhat higher. Preliminary 
enzymatic estimation of Na+—K+ ATPase revealed that in the isolated membranes 
from the lens cortex only residual activities are present. This is in agreement with 
earlier observations of Bonting et al. (1961), who found that this enzyme exists 
with high specific activity only in the epithelium where active transport is located. 
Acid phosphatase occurs with specific activity of 8.4 units/mg protein in the lens 
cortex plasma membrane. 
Whether this activity is due to lysosomal contamination cannot be completely 
ruled out. However, the lysosomal structure has not so far been demonstrated in the 
isolated lens plasma membrane preparation. Acid phosphatase has been reported to 
be more concentrated in the epithelium than in other lens regions (Gorthy et al., 
1971). Acid Phosphomonoesterase activity has been found in liver plasma mem-
branes (Emmelot et al., 1964) where lysosomal contamination could be excluded 
by other enzyme markers. Therefore, it is not unlikely that acid Phosphomono-
esterase can also be considered to be an intrinsic lens plasma membrane enzyme. 
5'-Nucleotidase could only be detected as trace amounts. The value is even lower 
than that found in hen erythrocyte plasma membranes (Zentgraf et al., 1971). 
CONCLUSIONS 
The vertebrate eye lens fibre provides a unique cell system which comprises 
essentially one kind of membrane namely the plasma membrane. Plasma membrane 
fractions have been isolated from the cortical region of calf lenses using discon-
tinuous density gradient centrifugation. Electron microscopy studies revealed a high 
degree of homogeneity of the plasma membrane fraction which accumulated at the 
interface between densities 1.14 and 1.16. Membranes bearing ribosomal clusters 
gathered at the interface between densities of 1.16 and 1.18. After trypsin treat-
ment of the crude membrane preparation a purified fraction concentrated at the 
interface between densities of 1.08 and 1.14. The isolated membranes are charac-
terized by the presence of a peculiar type of junction which can be distinguished 
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both from the trae tight junction and from the gap junction found in various 
epithelial tissues. 
Electrophoresis on SDS-containing Polyacrylamide gels allows distinction be­
tween structural lens proteins (crystallins) and membrane proteins. The latter have 
a higher molecular size than the polypeptide chains of the crystallins. The number 
of specific membrane-protein components is limited. This result is in agreement 
with the concept reported for other types of membranes by Hinman et al. (1970). 
On the other hand, strong interaction between the crystallins and lens plasma 
membranes is observed. For the time being the question whether this interaction is 
functional cannot be answered. 
Preliminary findings of Broekhuyse (1971) revealed that during lens differentia­
tion a drastic change in lipid composition occurs. It may be expected that the 
method described in the present paper will enable a better characterization of the 
changes of membrane structure and composition during cell differentiation, a 
process which takes place in the lens throughout its whole life span. 
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Summary 
1. The lens cell-free system synthesizes in addition to the crystallins, poly-
peptides which co-electrophorese with lens plasma membrane protein compo-
nents. 
2. Isolated lens polysomes can be translated in a heterologous cell-free 
system. They code for both the crystallins and membrane-protein-like com-
ponents. 
3. If messengers isolated from these polysomes by affinity chromato-
graphy on oligo-(dT)-cellulose are added to a heterologous cell-free system, 
only lens proteins of lower molecular weight are synthesized. 
4. Different ionic conditions are required for optimal translation of dif-
ferent lens messengers. 
Introduction 
We have recently described the preparation of a viable cell-free system 
derived from lens tissue [1] . It could be demonstrated that in this system the 
so-called water-soluble crystallins are synthesized apparently with exception of 
the ßn fraction. The cortical lens fibers lack nuclei and therefore mitotic activ-
ity. However, protein synthesis proceeds in this part of the organ during its 
whole life span. This means that the crystallin messengers are stabilized, pre-
sumably by the presence of a relatively high ribonuclease inhibitor concentra-
tion [2,3] which might regulate the extremely low turnover of mRNA. 
One of the aspects of differentiation of the lens epithelial monolayer into 
the fiber-like cell type is the morphological feature of elongation [4,5]. This 
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process of elongation is accompanied by the formation of plasma membranes, 
either by assembly of pre-existing components or by de novo synthesis of 
membrane constituents [6]. In connection herewith it was of interest to invest-
tigate whether or not in addition to crystallin messenger RNA also a messenger 
population coding for membrane proteins were present and, if so, whether 
these mRNAs would be translated in the cell-free system described previously. 
The results of these studies are discussed in the present paper. 
Materials and methods 
L-[35S] Methionine (spec. act. 200 Ci/mmol) was purchased from the 
Radiochemical Centre (Amersham, England). For the synthesis of oligo-(dT)-
cellulose Whatman cellulose powder CC41 was obtained from Reeve Angel; 
thymidine 5'-monophosphate from Sigma;andІ ],TV1-dicyclohexylcarbodiimide 
from Aldrich. 
Preparation of oligo-(dT)-cellulose 
01igo-(dT)-cellulose was prepared according to Gilham [7], using the 
ΛΓ, ,ΛΓ
1
-dicyclohexylcarbodiimide reaction for the polymerization of thymi­
dine 5'-monophosphate on cellulose. 1 g (dry weight) of oligo-(dT)-cellulose 
prepared in this way retained and was saturated by about 175 ßg of calf lens 
mRNA under the conditions mentioned below. 
Preparation of calf lens mRNA 
Calf lens polyribosomes were isolated by procedures described previously 
[8,9]. About 5 mg of polyribosomes per 1000 lenses were obtained. It ap-
peared from sucrose gradient centrifugation that the major part of the poly-
ribosome preparations from cortex cells exhibited an absorbance profile with 
an optimum of eight ribosomes per polysome. Calf lens mRNA was prepared 
from the polyribosomes by oligo-(dT)-celluIose chromatography [10]. 3 mg of 
calf lens polyribosomes dissolved in application buffer containing 0.5 M NaCl, 
0.01 M Tris-HCl, pH 7.5, 0.5% sodium dodecyl sulfate and 1.0 mM EDTA 
were applied to a 2-ml oligo-(dT)-cellulose column previously washed with the 
same buffer. The non-absorbed material was eluted by continued washing with 
the buffer and the material retained by the column was eluted in two steps 
with buffers of reduced ionic strength. The first elution buffer contained 0.1M 
NaCl, 0.01 M Tris—HCl, pH 7.5, and 0.1% sodium dodecyl sulfate; the second 
one 0.01M Tris—HCl, pH 7.5. The material eluted in this way was precipitated 
by the addition of 0.1 volume of 2 M sodium acetate (pH 5.0) and two volumes 
of cold ethanol. 
The lens cell-free system 
The lens cell-free system was prepared according to Strous et al. [1] with 
minor modifications. The outer cortices from calf lenses were collected as soon 
as possible after the death of the animals. One volume of ice-cold deionized 
water was added and homogenization was carried out with a Dounce homoge-
nizer with a tight fitting pestle. After centrifugation at 15 000 X g for 10 min 
the lysate was frozen in liquid nitrogen and stored at -80° С in small portions. 
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Synthesis of lens protein in vitro was carried out in incubation mixtures 
containing per ml 1 μηιοί ATP, 0.5 μπιοί GTP, 5.0 μναοί 2-mercaptoethanol, 
10 μπιοί creatine phosphate, 50 ßg creatine Phosphokinase, 50 μτηοί Tris—HCl, 
pH 7.4, 50 jumol KCl, 3 μπιοί magnesium acetate and 0.1 μιηοΐ of 20 amino 
acids. [ 3 5 S ] Methionine was added as only labeled amino acid. Where indicated 
mRNA was added to the incubation mixture in a concentration of 40 ßg per 
ml; polysomes were translated at the concentration of 400 pg per ml. 
Incubations were carried out at 30° С for 60 min and analyses were per­
formed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis according 
to Laemmli [11] with the modification that a slab gel instead of gel rods was 
used. The gel was 12 cm long and contained 13% acrylamide and 0.4% 
methylene-bisacrylamide and 0.1% sodium dodecyl sulfate. In this method a 
stacking gel was applied. Staining and destaining was as described by Weber and 
Osborn [ 1 2 ] . Gels were processed for autoradiography. For the detection of 
the labeled proteins the procedure of Bonner and Laskey [13] was used with 
the drying procedure described by Berns and Bloemendal [ 9 ] . 
Isolation of lens fiber membranes 
Membranes of the eye lens fibers were isolated according to Bloemendal et 
al. [ 1 5 ] . 
Results and Discussion 
From our previous studies on the lens cell-free system [ 1 ] it was not ap­
parent whether or not this system was able to synthesize the non-crystallin pro­
teins, since the electrophoretic analysis was performed on Polyacrylamide gels 
containing 7 M urea. By this method the individual polypeptides are character­
ized on the basis of their net charges. It appeared that according to charge, 
membrane specific polypeptides could not be separated from the crystalline 
[ 1 4 ] . The latter proteins consist of subunits whose molecular weights range 
from approx. 18 000 to 32 000. Investigations on lens plasma membranes 
showed that the majority of membrane-specific proteins is located in a region 
of higher molecular weight than the crystallins as judged by sodium dodecyl 
sulfate gel electrophoresis [15,16] . On sodium dodecyl sulfate-containing gels 
it becomes clear that in the lens cell-free system actually proteins of molecular 
weight higher than 32 000 have been synthesized (Fig. 1). 
This observation suggests that, in addition to crystallin mRNA, also mes­
sengers coding for membrane polypeptides are present in the cortical part of 
the eye lens. Since those messengers should be found on polyribosomes we 
made an at tempt to translate the total population of isolated lens cortical poly­
ribosomes in a heterologous cell-free system. For this purpose the reticulocyte 
lysate was chosen. The analysis of the translation products is shown in Fig. 2b. 
The endogenous products of the lysate are shown in Fig. 2a. It is evident that 
also in the heterologous system in addition to crystallin subunits a number of 
polypeptides with molecular weights higher than 32 000 have been synthesized. 
Comparison of Fig. 3a with 3e shows that not all of the synthesized 
polypeptides with a molecular weight higher than 32 000 belong to the intrinsic 
membrane proteins. Other proteins in this region which are only present in 
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Fig. 1. The top line in every figure is indicating the top of the gel, the lower one is indicating the globin 
front. Sodium dodecyl sulfate gel electrophoresis of the [ S] methionine-labeled proteins synthesized in 
the lens cell-free system, a, autoradiograph of the products of the lens cell-free system; b, stained pattern 
of water-soluble lens proteins; c, stained pattern of markers : bovine serum albumin (M
r
 68 000); ovalbumin 
(M
r
 46 000), ct-chymotrypsinogen A (M
r
 25 750) and cytochrome С (M, 1 2 800). 
Fig. 2. Autoradiograph of the translation products of lens polyribosomes and of lens messehger RNA 
isolated by affinity chromatography on oligo-(dT)-cellulose. a, endogenous products synthesized in the 
reticulocyte cell-free system; b, products synthesized in the reticulocyte cell-free system supplemented 
with lens polyribosomes; c, products synthesized in the reticulocyte cell-free system supplemented with 
lens messenger RNA. 
F'ig. 3. Comparison of the intrinsic lens membrane proteins with the proteins synthesized in the lens 
cell-free system, a, stained pattern of intrinsic lens membrane proteins; b, stained pattern of markers: 
bovine serum albumin (M
r
 68 000), ovalbumin (M
r
 46 000), tt-chymotrypsinogen A (M
r
 25 750) and 
ribonuclease (M
r
 13 600); c, stained pattern of water-soluble lens proteins; d, stained pattern of the 
total cortical lens proteins (the gel had to be overloaded in order to visualize the high molecular weight 
bands); e, autoradiograph of the proteins synthesized in the lens cell-free system. 
Fig. 4, Patterns of newly synthesized lens proteins in the heterologous and homologous cell-free system. 
a, autoradiograph of products synthesized in the reticulocyte cell-free system supplemented with lens 
polyribosomes; b, autoradiograph of products synthesized in the lens cell-free system; c, stained pattern 
of urea-soluble polypeptides from the eye lens; d, stained pattern of markers: bovine serum albumin 
(M,. 68 000), ovalbumin (Ai
r
 46 000),c<-chymotrypsinogen A (M
r
 25 750) and cytochrome С (M
r
 12 800). 
almost neglectable amounts in the water-soluble lens protein fraction (see also 
Fig. l b ) are probably attached very loosely to the membranes, since they can 
be removed from the membranes by washing with low ionic strength buffers 
[ 1 5 ] . These proteins belong in part to the so-called urea-soluble fraction of the 
calf eye lens [14] (compare Fig. 4). It should be noticed that not all proteins 
present in the lens cortex also occur in the radioactive pattern (compare Figs. 
3a with 3b). This may be caused by several reasons: (1) These proteins are not 
synthesized in the cortex but originate from the epithelial region of the lens. 
(2) Since [ 3 S S] methionine was used as only radioactive precursor, proteins 
lacking this amino acid are not detectable. (3) Messengers coding for these 
46 
proteins are present but their translation is blocked. (4) Different messenger 
species may require different conditions for optimal translation. 
In previous studies [17] it has been described that ionic conditions 
needed for reliable cell-free synthesis are rather stringent. We showed that 
optima exist with respect to the potassium and magnesium concentrations. 
These effects were demonstrated for the total incorporations. In the present 
study we assayed whether product analysis would reveal different optimal con­
ditions for the translation of several messenger species. In Fig. 5 it can be seen 
that this is indeed the case. In the reticulocyte lysate several messengers appear 
to have optimal translation conditions at different potassium and magnesium 
concentrations. 
In Fig. 5A it is obvious that the intensity of the different radioactive 
bands do not vary simultaneously. So for example gel с shows a pattern 
which is almost identical to that of the lens cell-free system (compare with 
Fig. 3c), however, in gel e the band of molecular weight 30 000 almost dis­
appeared whereas the intensity of some of the bands of lower molecular 
weight increased. 
From Figs. 5B and 5C it becomes obvious that the effect of the potassium 
and magnesium concentrations are not identical. So for example in Fig. 5B(b) 
the A and В chains of a-crystallin are the most important products, whereas 
this is not the case in Fig. 5C(b). 
Our previous studies have revealed that the main classes of mRNAs iso-
a A 
-~ 1 1 1 1 1 
•in и 
Fig. 5. Effect of varying potassium and magnesium concentrations on the translation of polyribosomes 
added to a reticulocyte lysate. Product analysis of the newly synthesued proteins on sodium dodecyl 
sulfate gels. (A) Effect of varying potassium and magnesium concentrations simultaneously. The added 
magnesium concentrations are; a, 0.18 mM; b, 0.36 mM: c, 0.75 mM; d, 1.5 mM; e, 3.0 mM; f, 6.0 mM. 
The added potassium concentrations are: a, 8 mM; b, 17 mM; c, 34 mM; d, 68 mM; e, 136 mM; f, 272 mM. 
No corrections were made for the concentrations cndogeneously present in the lysate. These concentra­
tions were 25% of the original reticulocyte concentrations. (B) Effect of varying potassium concentrations 
with constant magnesium concentration. The magnesium concentration is 3.0 mM. The potassium con­
centrations are as in A. (C) Effect of varying magnesium concentrations with constant potassium concen­
tration. The potassium concentration is 68 mM. The magnesium concentrations are as in A. 
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lated from the lens polyribosomes are characterized by sedimentation coeffi-
cient of 10 S and 14 S, respectively [18,19]. If,lens polyribosomes are sub-
jected to affinity chromatography on oligo-(dT)-cellulose the obtained purified 
mRNA, preparation directs exclusively the synthesis of low molecular weight 
polypeptides. Proteins of higher molecular weight are not synthesized, although 
translation of the polyribosomes per se proved that mRNAs coding for these 
proteins are present (compare Figs. 2b with 2c). This phenomenon may be 
explained by one or both of the following considerations: (1) High molecular 
weight mRNAs may be more sensitive to RNAase action than low molecular 
weight mRNAs. (2) For translation of mRNA, preservation of its secondary 
structure may play an important role. This condition may be more stringent for 
the larger species. 
Since the isolation and characterization of messengers coding for mem-
brane proteins is relevant for the study and understanding of membrane synthe-
sis and assembly in general, further investigations will be undertaken to verify 
whether or not these assumptions are tenable. 
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CHAPTER 3 
ISOLATION AND TRANSLATION OF NON-CRYSTALLIN MESSENGER 
RNA FROM CALF LENS 
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Summary 
Affinity chromatography of lens polyribosomal RNA on oligo(dT)-cellulose 
yields three fractions. As a rule the second fraction has been neglected in other 
studies reported in the literature. According to our investigations this fraction 
in particular contains the messengers for the non-crystallin lens proteins. 
Introduction 
Previous studies from our laboratory [1,2] demonstrated that messenger 
RNA (mRNA), coding for crystallins, the water-soluble lens proteins which 
consist of subunits whose molecular weights range from approximately 18 000 
to 32 000, can be isolated from sodium dodecyl sulphate-treated polyribo-
somes by sucrose gradient centrifugati on. The majority of the lens membrane 
specific proteins appeared to be located in a region of higher molecular weight 
than the crystallins [3,4]. In recent studies, Kibbelaar and Bloemendal [5] 
characterized the water-insoluble proteins from the lens cortex. Also in this 
work a number of polypeptides of molecular weights higher than that of the 
crystallins were detected. One may ask whether or not these proteins are syn-
thesized in the lens cortex, or whether they originate from the lens epithelium 
and remain in the cell during the process of differentiation into the lens fibers. 
In a recent paper [6] we described that also non-crystallin proteins are syn-
thesized in the lens cortex. Both in the lens cell-free system and in a hetero-
logous system after addition of lens polyribosomes, non-crystallin protein 
could be detected. 
We have stressed previously that the isolation and characterization of the 
non-crystallin mRNAs is relevant for the study and understanding of membrane 
synthesis and assembly [6]. Moreover, the translation of these mRNAs in heter-
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ologous systems provides a valuable tool for the study of possible immunologi­
cal interrelationships between the crystallins and the water-insoluble proteins. 
In this paper we describe the isolation and the translation of a poly(A)-con-
taining RNA fraction that codes for the total set of lens proteins. 
Materials and Methods 
L-[ 3 5S]Methionine (spec. act. 200 Ci/mmol) was purchased from the Radio­
chemical Centre (Amersham, U.K.). For the synthesis of oligo(dT)-cellulose 
Whatman cellulose powder CC41 obtained from Reeve Angel; thymidine 5'-
monophosphate from Sigma; and iV^iV'-dicyclohexylcarbodiimide from Aldrich 
and pronase free of nucleases from Calbiochem were used. 
Preparation of oligo(dT)-cellulose. 01igo(dT)-cellulose was prepared accord­
ing to Gilham [ 7 ] , using the iV^'-dicyclohexylcarbodiimide reaction for the 
polymerization of thymidine 5'-monophosphate on cellulose. One gram (dry 
weight) oligo(dT)-cellulose prepared in this way retained and was saturated by 
about 175 μg of calf lens mRNA under the conditions mentioned below. 
Preparation of calf lens mRNA. Calf lens polyribosomes were isolated by 
procedures described previously [8,9]. About 5 mg of polyribosomes per 1000 
lenses were obtained. Sucrose gradient centrifugation revealed that the major 
part of the polyribosome preparations from cortex cells had an absorbance pro­
file corresponding with an optimum of eight ribosomes per polysome. The 
polyribosomes were treated with pronase which was added to a final concentra­
tion of 1 mg/ml: RNA was extracted with phenol/chloroform as described by 
Perry et al. [10] . Calf lens mRNA was prepared from the polyribosomes or 
from polyribosomal RNA by oligo(dT)-cellulose chromatography using a modi­
fication of the Aviv and Leder technique [11] . Three mg of calf lens polyribo­
somes or, alternatively, 5 mg of polyribosomal RNA dissolved in application 
buffer containing 0.5 M NaCl/0.01 M Tris · HCl, pH 7.5/0.5% sodium dodecyl 
sulphate/1.0 mM EDTA (buffer A) were applied to a 2-ml oligo(dT)-cellulose 
column previously washed with the same buffer. The non-absorbed material 
was eluted by continued washing with the buffer and the material retained by 
the column was eluted in two steps with buffers of reduced ionic strength. The 
first elution buffer (buffer B) contained 0.1 M NaCl/0.01 M Tris · HCl, pH 7.5; 
the second one (buffer C) 0.01 M Tris · HCl, pH 7.5. The material eluted in this 
way was precipitated by the addition of 0.1 vol. of 2 M sodium acetate (pH 
5.0) and 2 vol. of cold ethanol. 
Synthesis of lens protein in vitro. Rabbit reticulocytes were prepared as de­
scribed by Evans and Lingrel [12] and lysed by addition of water. A 30 000 X g 
supernatant fraction of these lysed cells was used as cell-free system and incu­
bations were performed at 30° С for 1 h. The reaction mixture contained per 
ml: 0.5 ml of reticulocyte cell-free extract, 1 μιηοΐ ATP, 0.2 μιηοΐ GTP, 5.0 
.μιηοΐ 2-mercaptoethanol, 10 μιηοΐ creatine phosphate, 50 μg creatine Phospho­
kinase, 50 μιηοΐ Tris • HCl, pH 7.4, 100 μιηοΐ KCl, 3 μπιοί magnesium acetate 
and 0.1 μηαοί of 19 amino acids. 40 pCi [•,5S]methionine was added as only la­
beled amino acid. Unless indicated otherwise mRNA was added in a concentra­
tion of 40 μg per ml. 
Analyses were performed by sodium dodecyl sulphate-polyacrylamide gel 
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electrophoresis according to Laemmli [13] with the modification that a slab gel 
instead of gel rods was used. The gel was 12 cm long and contained 13% acryl-
amide, 0.4% methylene-bisacrylamide and 0.1% sodium dodecyl sulphate. In 
this method a stacking gel was applied. Staining and destaining was performed 
as described by Weber and Osborn [14] . Gels were processed for autoradiog­
raphy. For the detection of the labeled proteins the procedure of Bonner and 
Laskey [15] was used in combination with the drying procedure described by 
Berns and Bloemendal [ 9 ] . 
Gradient centri fugation. RNA was solubilized in buffer (50 mM Tris · HCl 
pH 7.8, 1 mM EDTA) and 1% sodium dodecyl sulphate, layered on 15—35.5% 
(w/v) isokinetic sucrose gradients in the same buffer, and centrifuged at 4 0 C in 
a SB 283 rotor at 41 000 rev./min for 11 h. 
After centrifugation, absorbance was monitored at 260 nm using a Gilford 
spectrophotometer, equipped with a 2 mm flow cell of IEC. 
Results and Discussion 
Krystosek et al. [16] recently evaluated a method for the isolation of 
mRNA. In this procedure polyribosomes are applied directly onto an oligo(dT)-
cellulose column without deproteinization by phenol extraction. Application 
of this technique in our investigations revealed that the messenger population 
isolated in this way codes almost exclusively for the synthesis of proteins in the 
18 000—32 000 mol. wt. range [6] . Our experiments further indicated that 
different potassium and magnesium concentrations are required for optimal 
translation in the reticulocyte lysate of the various messengers on lens polyribo­
somes [6] . These results led us to investigate in a similar way the translation of 
isolated mRNA preparations under different ionic conditions. It appeared, 
however, that under the various conditions studied no high molecular weight 
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ml buffer 
8 16 24 32 40 48 56 64 
fraction 
Fig. 1. Elution profiles of RNA fractionated on oligo(dT)-ceUulose columns, (a) Present work; (b) Ob­
tained by Aviv and Leder (with permission). 
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mRNA coding for the non-crystallin lens proteins disappeared after affinity 
chromatography on oligo(dT)-cellulose the latter purification step, was studied 
in more detail. By using the modified procedure of Aviv and Leder [11] de­
scribed in the methods section, we obtained three fractions. Aviv and Leder re­
stricted the assay for translation capacity to the material present in the peak 
fractions A and С (compare Fig. l b with Fig. l a ) . In material from peak A no 
mRNA was detectable, while it was in material from peak С 
If the high molecular weight mRNA is not very tightly bound to the column, 
Fig. 2. The bent arrow on this figure and Figs. 3, 4 and 6 is indicating the top of the gel, the lower one is 
indicating the globin front. Autoradiography of the translation products of lens mRNA isolated by affin­
ity chromatography on oligo(dT)-celluloôe (without deproteinization). mRNA from peak В was added to 
25 μΐ of incubation mixture; a = 0.5 μζ; a' - 1.5 μg. mRNA from peak С was added to 25 μΐ of incuba­
tion mixture; b = 0.5 Mg; b ' = 1.5 ßg. с: Autoraaiograph of products synthesized in the lens cell-free sys­
tem. 
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this material might be lost in the second, neglected peak. Fig. 2 shows that the 
translation of high molecular weight mRNA is indeed better with material iso­
lated from the second peak (a,a') than from the third one (b,b'), (see straight 
arrows). However, the translation is not so effective as in the cell-free system 
(c), (compare the intensity of the high molecular weight bands with that of the 
crystallins in both systems). 
Since the mRNA preparations were isolated in a very gentle way, without 
phenol extraction, destruction of the messengers was not very likely. On the 
other hand by applying the method of Krystosek et al. [16], it could not be ex­
cluded that in the preparations protein was still present which might have in­
hibited to some extent the translation. In order to eliminate the effect of pos­
sibly contaminating proteins and to be able to compare our method with that of 
Aviv and Leder, in all further experiments, polysomal RNA, isolated by pro-
nase treatment and phenol-chloroform extraction was applied to the column. 
Fig. la presents our elution profile in comparison with that of Aviv and 
Leder (lb). The profile depicted in la shows that elution of peak A did not 
lead to zero extinction and that a clear-cut fraction В could be obtained. The 
Fig. 3. (A + B) Autoradiograph of the translation products formed after addition of RNA eluted with 
buffer В and buffer C, respectively, (after deproteini/ation) (a) blank incubation. The added RNA con­
centrations are: (b) 0.125 Mg, (с) 0.25 ;ug, (d) 0.5 Mg, (e) 1 Mg, (f) 2 Mg, (g) 4 Mg, Per 25 мі incubation mix­
ture. (The numbers on the bands indicate the molecular weights of the corresponding polypeptides in 
1000 daltons.) 
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material of peak A isolateci in this way, was totally devoid of mRNA as could 
be demonstrated by translation experiments. Therefore we concluded that the 
column was not overloaded. Deproteinization of the messengers improves the 
translation of high molecular weight mRNA, both from fraction В and C, as can 
be seen in Fig. ЗА and 3B. In Fig. ЗА which represents proteins synthesized un­
der direction of material eluted with buffer B, the effect is most pronounced. 
Here the amount of high molecular weight proteins is much greater in compari­
son to the amount of crystalline formed, than with the buffer С preparation. 
Even in the very high molecular weight range (above 68 000) specific lens pro­
tein bands can be observed, which are not present in the translation products 
obtained after addition of RNA from fraction C. Gozes et al. [17] studying the 
translation in vitro of mRNA coding for tubulin and actin also reported that 
messengers coding for proteins of higher molecular weight were found in the 
" B " fraction after stepwise elution of their messenger preparation from an 
oligo(dT)-cellulose column. In Fig. ЗА and 3B also the influence of the addi­
tion of increasing amounts of both preparations is visualized. Whereas, with the 
Fig. 4. Autoradiograph of the translation products of fractions from a sucrose gradient onto which total 
polysomal RNA was applied. The sedimentation coefficients of some of the fractions are indicated. 
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preparation С increasing amounts eventually inhibit translation, this does not 
occur with material from fraction B, at least not in the concentration range 
tested. 
Fig. 4 shows the translation products of fractions from a sucrose gradient 
onto which total polysomal RNA was applied. A sedimentation coefficient of 
18—20 S can be derived from these results for the high molecular weight lens 
mRNA. Separation of this material from ribosomal 18 S RNA can therefore 
not be achieved by gradient centrifugation. 
One may ask whether the proteins synthesized after addition of RNA from 
the 18—20 S range are specific lens proteins or proteins of the reticulocyte 
lysate that have been more actively synthesized after the addition of 18 S 
rRNA. Such an effect of 18 S rRNA has recently been described by Kabat 
[18]. In our experiments this is unlikely because the formation of the 68 000 
dalton product of the reticulocyte lysate was not stimulated by any of the frac­
tions. 
To obtain a better insight in the difference between the buffer В and the 
buffer С preparation, both fractions were analyzed on sucrose gradients. In Fig. 
5b and 5c the extinction profiles are shown. It can be seen that in both cases an 
18 S and a 28 S RNA component are still present. The amount of free messen­
ger RNA which sediments in a peak of' 10—14 S, is much higher in the buffer С 
fraction than in the buffer В fraction. In the figures d, e and f it is visualized 
obsorbance at 260 nm — 
top bottom top bottom top bottom 
Fig. 5. Sedimentation profiles oí gradients of different RNA preparations, (a) polysomal RNA eluted with 
buffer A; (b) polysomal RNA eluted with buffer B; (c) polysomal RNA eluted with buffer C; (d) RNA 
from fraction В eluted with buffer A; (e) RNA from fraction В eluted with buffer B; (f) RNA from frac­
tion В eluted with buffer C. 
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Fig. 6A. See opposite page for legend. 
what happens when the buffer В preparation is re-chromatographed on the 
oligo(dT)-cellulose column. The material is split up in a fraction which is eluted 
with buffer A and another one which is eluted with buffer C. This finding sug­
gests that the original buffer В fraction consists of a poly(A)-containing compo­
nent presumably bound to ribosomal RNA. This is consistent with the fact that 
we were not able to obtain zero extinction after peak A emerged and the col­
umn was washed with the application buffer (compare Fig. l a ) . A certain 
amount of the ribosomal RNA seems to be bound very tightly to the messen­
gers but in such a way that the poly A piece is not involved in this binding. This 
part emerges with fraction C. Another part of the ribosomal RNA can be re­
moved by re-chromatography. This latter RNA seems to weaken the poly(A) 
oligo(dT)-cellulose interaction. It is unlikely that the size of the poly(A) tracks 
is responsible for the differential elution of messengers from the oligo(dT)-cel-
lulose column, since upon rechromatography no messenger is eluted in the В 
fraction and buffer С had to be applied to release the mRNA from the column 
(see Fig. 5). 
The mRNA fractions also contain a peak sedimenting at 21 S. One may ask 
whether or not this peak represents mRNA bound to 18 S ribosomal RNA. 
Such a complex formation has been proposed by Kabat [18] for the globin 
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Fig. 6. Autoradiographs of the translation products of fractions from a sucrose gradient onto which total 
polysomal RNA was applied. (A) Fractions from the 8 S—20 S region; (B) Fractions from the 20 S—28 S 
region. It can be seen that in both regions the same mRNAs are present. 
messenger. The fact that the peak is retained to some extent by the oligo(dT)-
cellulose column suggests that this might be the case. However, a 21 S peak is 
also present in the buffer A fraction where no mRNA activity is detectable. 
Translation of the individual fractions from a sucrose gradient onto which poly­
somal RNA had been applied shows that complex formation may have indeed 
occurred, since the products coded for by the 10—14 S fractions are also form­
ed by fractions under the 21 S peak (compare Fig. 6A with 6B). Since some 
mRNA activity is observed all over the gradient, aggregation and binding of 
messenger to 28 S seems also to occur. In conclusion our results are in favor of 
the assumption that fraction В consists of a complex of ribosomal RNA and 
mRNA while fraction С contains mainly free mRNA. It seems that especially 
the high molecular weight mRNAs are the candidates for complex formation. 
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SUMMARY 
Upon addition of lens polyribosomes to a reticulocyte cell-free system, a, 
g , and γ crystallin are synthesized, while β is not formed. This phenome-
L Η 
non is comparable to the biosynthetic events in the lens cell-free system 
and in tissue culture. 
It is shown that β formation depends upon the presence of a polypeptide 
Η 
βΒ. which arises by posttranslational modification. The putative precursor 
for βΒ, is a polypeptide βΒ of which the messenger with a sedimentation 
coefficient of 12.5 S has been isolated. 
60 
INTRODUCTION 
The proteins of the calf eye lens can be divided into a water-soluble major 
fraction and a minor part which is insoluble in water. The water-soluble 
fraction contains four subclasses of proteins which can be separated on the 
3H(igh)"' eL(ow)' 
Whereas a- and ß-crystallin are aggregates of different subunits, γ-crystal-
lin is a monomeric protein. In the water-insoluble fraction the plasma mem­
branes are found. 
We have previously described the preparation of a viable cell-free system 
from lens-tissue capable to synthesizing both crystallin and non-crystallin 
lens proteins (2,3). However, whereas both in the lens cell-free system and 
in lens culture in the presence of either [ S]-methionine or [ c]-amino-
acids incorporation in α-, β - and y-crystallin has been observed, virtual-
L 
ly no incorporation was detected in β -crystallin (2), Herbrink et al showed 
Η 
that В and β share a number of subunits among which the major polypeptide, 
11 L 
ßBp (4,5). 
Earlier studies by van Kamp (6) revealed that the amount of β increases 
Η 
going from lens periphery to the nucleus whereas, concomitantly, β decreases, 
These results are in accord with the assumption that ß arises from β and 
H L 
that this transition reflects a maturation or aging phenomenon. 
In this paper evidence is provided that the formation of the β aggregate 
Η 
requires the presence of a specific polypeptide which presumably originates 
by posttranslational modification of a pre-existing component. 
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MATERIALS AND METHODS 
35 
Ь-[ S]-methionine (specific activity 200 Ci/mmole) was purchased from the 
Radiochemical Centre, Amersham (England). 
Calf lenses of 1.5g, and cow lenses of 2.3g were selected. 
SYNTHESIS OF LENS PROTEIN IN VITRO 
Calf lens polyribosomes were isolated as described by Bloemendal et al (7). 
Rabbit reticulocytes were prepared as described by Evans and Lingrel (8), 
and lysed by addition of water. A 30,000 xg supernatant fraction of these 
lysed cells was used as cell-free system, and incubations were performed at 
30 С for 1 h. The reaction mixture contained per ml: 0.5ml of reticulocyte 
cell-free extract, 1 ymol ATP, 0.2 umol GTP, 5 ymol 2-mercaptoethanol, 
10 ymol creatine phosphate, 50 ug creatine Phosphokinase, 50 ymol Tris-HCl, 
pH 7.4, 100 ymol KCl, 3 ymol magnesium acetate, and 0.1 ymol of each of the 
naturally occurring amino acids except methionine. The latter one was added 
as only labeled amino acid (40 yci of [ S]-methionine). Polyribosomes were 
added in a concentration of 400 yg per ml; mRNA was added in a concentration 
of 40 yg per ml, (determined spectrophotometrically, assuming an extinction 
coefficient of 22 at 260 nm). 
GRADIENT CENTRIFUGATION 
RNA was solubilized in buffer containing 50 mM Tris-HCl, pH 7.8, 1 mM EDTA, 
and 1% sodium dodecyl sulphate, layered on 15-35% (w/v) isokinetic sucrose 
gradients in the same buffer (without sodium dodecyl sulphate) and centri-
fuged at 4 С in an SB 283 rotor at 41,000 rpm for U h . After centrifugation, 
optical density was monitored at 260 nm using a Gilford spectrophotometer 
equipped with a 2 mm flow cell of International Equipment Company. 
GEL FILTRATION OF LENS CRYSTALLINS AND OF TRANSLATION PRODUCTS 
Gel filtration on Sephadex G-200 was performed as described by van Dam (9). 
After the incubation, fifty mg of crystallin, dissolved in 1 ml of elution 
buffer, was added to the incubation mixture and the solution was centrifuged 
for 20 min at 15,000 xg. The supernatant was then applied to the column 
(100 χ 2.5 cm). Fractions of 6 ml were collected. For determination of radio-
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activity 0.6 ml portions were treated with 0.6 ml of 10% TCÄ. The precipi-
tated protein was collected on millipore filters, and the radio-activity 
determined in a liquid scintillation counter. 
RE-AGGREGATION OF LENS CRYSTALLINS 
Re-aggregation of lens crystallins was performed essentially as described by 
Bloemendal et al (10). The incubation mixture, containing radio-active trans-
lation products, was centrifuged for 20 min at 15,000 xg. Fifty mg of crys-
tallins were then added to the supernatant in 25 ml of 0.05 M Tris-HCl, 
pH 7.6, containing 0.0514 M sodium chloride, 0.001 M EDTA, and 6 M urea. The 
solution was then allowed to stand for 30 min at 4 С, and subsequently dia-
lyzed against several volumes of distilled water. After lyophilization the 
sample was dissolved in elution buffer and applied to a column (100 χ 2,5 cm) 
of Sephadex G-200. Fractions of 6 ml were collected. Determination of radio­
activity was performed as described above. 
POLYACRYLAMIDE GEL ELECTROPHORESIS 
The translation products were analyzed by alkaline urea-gel electrophoresis 
using Polyacrylamide gel rods prepared according to Bloemendal (11), and by 
sodium dodecyl sulphate gel electrophoresis according to Laemmli (12) with 
the modification that a slab gel instead of rods was used. The gel was 12 cm 
long, and contained 13% acrylamide, 0.4% methylene-bisacrylamide, and 0.1% 
sodium dodecyl sulphate. In this method a stacking gel was applied. Staining 
and destaining were performed as described by Weber and Osborn (13). For the 
detection of the labeled proteins the procedure of Bonner and Laskey (14) 
was used in combination with the drying procedure described by Berns and 
Bloemendal (15). 
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RESULTS AND DISCUSSION 
For a proper understanding of our results it is desirable to present a no­
menclature of the subunits of the crystallins first. This nomenclature is 
based upon electrophoretical behavior of the subunits in alkaline Poly­
acrylamide gels containing 6 M urea. The symbols А, В and N stand for 
acidic, basic and neutral, respectively (see figure 1A, compare also ref. 
4,5). The localization of the subunits on Polyacrylamide gels containing 
sodium dodecyl sulphate is depicted in figure IB. In the latter pattern a 
number of different polypeptides coincide due to their identical molecular 
weights. 
Careful examination of the polypeptide patterns of β and β reveals that 
H L 
the main difference is the occurrence of βΒ, and ßÄ which exist exclusively 
in β . Albeit the latter aggregate was not detectable in the outer periphery 
of the lens, it could not be excluded whether one or more typical subunits 
of this polymeric protein do occur in this region. Since βΒ can easily be 
detected by sodium dodecyl sulphate Polyacrylamide gel electrophoresis we 
analyzed the protein pattern of both cow and calf lens which had been divid­
ed into an outer periphery, an inner periphery and a nuclear part, (figure 2). 
Going from the outer periphery to the lens center we observed that both in 
cow and calf the increase in β (6) is paralleled by a gradual decrease of 
Η 
βΒ while, concomitantly, βΒ , arises. However, the ratio between βΒ , and 
βΒ is higher in the nucleus of the cow lens than in the calf lens center. 
As there is no protein synthesis in the nucleus this observation means that 
the formation of ßB , cannot be ascribed to de novo synthesis. Therefore, one 
has to assume some posttranslational modification of a preexisting polypeptide 
to yielding ßB.,. Since the disappearance of βΒ is accompanied by the appear­
ance of βΒ and both components have almost the same molecular weight, βΒ 
lb la 
is a good candidate as precursor for ßB . This assumption is even more like-
ly because polypeptides of higher molecular weight than ßB are only present 
in minute quantities and cannot account for the amounts of ßB., detected. 
lb 
The hypothesis that ßB arises by some posttranslational modification is 
further substantiated by the fact that a discrete messenger RNA can be found 
for ßB but not for βΒ ,. This messenger was detected after analysis of the la ID 
translation products whose synthesis was directed by different fractions 
from a sucrose gradient onto which total lens polysomal RNA was layered (fig­

























Figure Is Schematic drawing indicating the nomenclature of the crystallin 
subunits 
a. on a basic urea gel 
b, on a sodium dodecyl sulphate gel. 
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Figure 2: Sodium dodecyl sulphate gel electrophoretic pattern of the total 
lens proteins present in: 
a. the calf lens nucleus 
b. the calf lens inner periphery 
c. the calf lens outer periphery 
d. the cow lens nucleus 
e. the cow lens inner periphery 
f. the cow lens outer periphery 
The polypeptide with molecular weight 31,000 (βΒ , ) is indicated. 
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Figure 3: Äutoradiograph of the translation products of fractions from a 
sucrose density gradient onto which total lens polysomal RNA was 
applied. 
The sedimentation coefficient of some of the fractions and the 
polypeptide with molecular weight 32,000 (ßB, ) are indicated. 
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Figure 4: Autoradiograph of the translation products formed after addition 
of lens mENÄ fractions to a reticulocyte cell-free system: 
a. blank incubation. Only the endogenous products of the reticulo-
cyte cell-free system are formed 
b. translation products formed after addition of a 10 S inRNA frac-
tion 
с translation products formed after addition of the purified ßB 
la 
mRNA. 
Figure 5: Sodium dodecyl sulphate gel electrophoretic pattern of: 
a. β -crystallin isolated from the calf lens inner periphery 
Η 
b. R -crystallin isolated from the cow lens nucleus 
Η 
c. the total crystallins isolated from the calf lens inner periphery 
d. the total crystallins isolated from the cow lens nucleus. 
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sedimentation coefficient of about 12,5 S and coding for 3B is obtained 
la 
(figure 4) . 
Comparison of the subunit composition of β isolated from the inner calf lens 
a 
periphery and the cow lens nucleus respectively, shows that βΒ is lacking 
la 
in the latter aggregate whereas 0B.. is present. This observation proofs that 
βΒ, is not an obligatory constituent of the β polymer (figure 5). la Ή 
The quantitatively most important constituent of both β and β is the poly-
H L· 
peptide βΒ (4,5). The latter polypeptide is synthesized both in the homologous 
system (2) and in the reticulocyte lysate supplemented with lens polyribosomes. 
In either of the two cell-free systems βΒ is found as major constituent of 
β
τ
, whereas the polymeric protein β is virtually not formed. 
L Η 
We attempted to verify whether βΒ., might be responsable for β formation. 
ίο Η 
It has previously been shown that under proper conditions correct re-aggregation 
of polymeric lens proteins can be achieved after their dissociation in 6 M urea 
(10). We performed such re-aggregation experiments with rion radio-active lens 
polypeptides and the newly synthesized products in the reticulocyte cell-free 
system under the earlier established optimal conditions. Gel filtration on 
Sephadex G-200 of the aggregates obtained reveals that, as compared to figure 
8, a considerable increase in radioactivity is found under the β peak after 
re-aggregation (see figure 9). Electrophoretic analysis proofs that, 
whereas before re-aggregation βΒ is lacking in the fraction which coincides 
with β„ on the gel filtration column (see figure 6a and 7a), this polypeptide 
actually became incorporated during the re-aggregation experiment (see fig­
ure 6c and 7b). Since βΑ and βΒ, are synthesized de novo in the cell-free 
xa 
system (see figure 7 under β ) we assume that the presence of βΒ,, is a 
Η ID 
prerequisite for the assembly of βΒ and other polypeptides into β , Appar-
p Η 
ently the time required for the posttranslational modification of βΒ. into 
βΒ,, is too long in order to render the formation of ß,, in vitro possible. 
lb Η 
Further studies are required to establish if also in vivo the transformation 
of βΒ, into ВВ., is a prerequesite for the formation of β . 
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Figure 6: 
: Äutoradiograph of 
sodium dodecyl sulphate 
gel electrophoretic 
patterns of labeled 
lens proteins synthe-
sized in the reticulo-
cyte lysate 
a. the β fraction 
Η 




c. the β fraction 





band in β is due to L 
globin) 
Figure 7 : 
: Äutoradiograph of basic 
urea gel electrophoretic 
patterns of labeled lens 
crystallin fractions 
synthesized in the re-
ticulocyte lysate. 
a. obtained after gel 
filtration of the 
incubation mixture on 
Sephadex G-200 
b. obtained after gel 
filtration of the 
incubation mixture on 
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Figure 8: Gel filtration pattern on Sephadex G-200 of [ s]-methionine la­
beled proteins, synthesized in a reticulocyte lysate after addi­
tion of calf lens polyribosomes. (Unlabeled crystallins were add­
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Figure 9: Gel filtration pattern on Sephadex G-200 of [ Ξ]-methionine la­
beled proteins, synthesized in a reticulocyte lysate after addi­
tion of calf lens polyribosomes. After incubation unlabeled crys­
tallins were added. Dissociation in 6 M urea and re-aggregation 
was performed as described in the methods section. 
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aJBSTRACT 
Electron microscopy reveals that the major difference between membranes iso-
lated from lens epithelium and fibers, is the occurrence of large areas of 
communicating junctions between the fibers. Two predominant polypeptides 
{MP45 and MP34) of plasma membranes derived from lens epithelium are also 
found in the protein pattern of lens fiber membranes, whereas another major 
membrane protein component (MP26) appears during lens fiber elongation. There-
fore, the formation of MP26 seems to be related to the assembly of fiber junc-
tions or just occurs concomitantly. MP34 is synthesized not only in the lens 
epithelium but also in the lens fibers. However, in vitro synthesis of MP26 
hitherto escaped detection. Our observations favor the assumption that for-




In previous papers we have described that the protein pattern of isolated 
lens fiber membranes is characterized by a number of polypeptides in differ-
ent proportions (1-4). Among these proteins two components with molecular 
weight of about 26,000 and 34,000 (designated as MP26 and MP34 respectively 
(2)) become predominant in the protein pattern of a membrane subfraction, 
enriched in communicating junctions (3). This type of junctions which con-
nects the lens fibers is assembled in the elongation zone where the epithe-
lial cells differentiate into the lens fibers (4,5). Moreover, recent ob-
servations revealed that polyribosomes derived from the cortical part of 
the eye lens are able to direct the biosynthesis of membrane proteins even 
in heterologous cell-free systems (6). Onder special conditions similar re-
sults can be obtained with messenger RNA isolated from these polyribosomes 
(7). 
The aim of the present study was to prepare purified plasma membranes from 
calf lens epithelium and to establish whether the differentiation of lens 
epithelial cells into fibers is accompanied by the appearance of membrane 
protein(s) differing from those in the epithelial plasma membranes. 
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MATERIALS AND METHODS 
Chemicals 
35 
L-[ s]Methionine (Spec.act. 200 Ci/mmol) was purchased from the Radiochem-
ical Centre (Amersham, England). Newborn calf serum was obtained from Flow. 
Isolation of_lens fiber plasma membranes 
Lens fiber plasma membranes were isolated according to Bloemendal et al. (1) 
with slight modifications as described recently (8). 
Isolation of epithelial glasma_membranes 
Calf eyes were obtained on ice from the slaughter-house. They were washed 
with water en opened at the lateral side, so that the eye lenses could be 
removed without adhering iris. A small incision was then made in the lens 
capsule, after which it could easily be removed from the lens body. About 
40% of the epithelial cells remained attached to the lens capsule, as was 
demonstrated by microscopic examination. About 3,000 of these capsules were 
suspended in 1.5 L buffer (1 mM NaHCO + 1 mM CaCl_) and stirred during 3 
hours. The capsules, free of cellular material were then removed by décan-
tation. The supernatant was used to isolate membranes employing the proce-
dure mentioned above with the difference that the flotation step was car-
ried out twice. 
Electron microscopy 
The membrane pellets collected by centrifugation from the gradient layers 
were fixed in 2.5 percent glutaraldehyde in 0.1 M phosphate buffer, pH 7.2 
for 30 minutes and postfixed 1% OsO in the same buffer during 1 h. All 
samples, after dehydration, were embedded in Vestopal. Thin sections were 
examined, stained with uranyl acetate and lead citrate. Freeze etching of 
either unfixed or glutaraldehyde fixed materials was performed in a Balzers 
apparatus. The fracture and the replicas were performed at -150 C. Some 
samples were etched for 90 seconds at -100 C. The electron microscopical 
observations were made in a Philips EM 300 and 400. 
Sodium dodec^l sulghate^ol^acr^lamid^gel^lectroghoresis 
Sodium dodecyl sulphate Polyacrylamide gel electrophoresis was performed ac-
cording to Laemmli (9) with the modification that a slab gel instead of gel 
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rods was used. The gel was 12 cm long and contained 13% acrylamide, 0.4% 
methylene-bisacrylamide and 0.1% sodium dodecyl sulphate. Staining and de-
staining was as described by Weber and Osborn (10). 
Synthesis of_lens protein in vitro 
Calf lens polyribosomes were isolated by procedures described previously 
(11, 12). Rabbit reticulocytes were prepared as described by Evans and 
Lingrel (13) and lysed by addition of water. A 30,000 χ g supernatant frac­
tion of these lysed cells was used as cell-free system. The incubation con­
ditions were as described previously (7). 
Immunogrecigitation 
Immunoprecipitation was performed according to the procedure described for 
viral polypeptides (14). The antisera were prepared by immunization of rab­
bits with purified lens fiber plasma membranes, with purified α, β and γ-
crystallin and with bovine serum albumin, and tested as described by 
Van Zaane et al. (15). The specificity of the antisera against membrane pro­
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a) Thin section of lens epithelium showing that two cells are connected by 
gap junctions (arrow) 
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b) High magnification of the gap junction shown in figure la. 
c) Gap junction connecting lens epithelial cells impregnated with lanthanum 
hydroxyde. 
d) Isolated epithelial plasma membranes showing that the fraction mainly 
consists of large membrane sheets connected by junctions (arrows) 
e) High magnification of a junction shown in figure Id. 
Figure 2 
Isolated lens fiber plasma membranes showing that this fraction, in a large 
proportion, consists of junctions (arrows). 
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RESULTS AND DISCUSSION 
Observation of the lens epithelial cells in the electron microscope shows 
that these cells are connected by gap junctions having in thin sections the 
typical features as reported elsewhere (4) (Figure la, b, c). Examination 
of isolated epithelial plasma membranes reveals that this fraction consists 
of large membrane profiles having a triple layered structure associated 
with vesicles of various sizes. Communicating gap junctions are connecting 
the plasma membrane sheets. In most cases the junctions are short and have 
a circular shape {Figure Id, e). Remnants of the endoplasmic reticulum mem-
branes, of the Golgi apparatus and of mitochondria are occasionally detect-
able (Figure Id). On the other hand isolated lens fiber plasma membranes 
are characterized by extensive junctional segments connecting the general 
plasma membrane (Figure 2). 
The protein pattern of lens fiber plasma membranes analyzed on SDS-poly-
acrylamide gel electrophoresis differs from that of the epithelial membranes. 
Figure 3 shows that the polypeptide with molecular weight of 26,000 which 
is one of the prominent components in lens fiber plasma membranes, is vir-
tually absent in the pattern of epithelial plasma membrane proteins. In the 
low molecular weight region (below 30,000) components belonging to the crys-
tallins are less pronounced in the latter profile. Two sharp bands in the 
region of 50,000 are more prominent in the epithelial plasma membranes than 
in the gel pattern of fiber plasma membranes, whereas a 45,000 component is 
present apparently in the same proportion in both preparations. 
The differences between the protein profiles of epithelial and fiber plasma 
membranes reflect changes in molecular organization of the plasma membranes 
during differentiation, the roost, remarkable difference being the accumulation 
of MP26 in the fiber plasma membrane fraction. Therefore, the process of 
differentiation does not involve merely quantitative variations in the pro-
tein profile but a pronounced qualitative difference, which can be corre-
lated with the formation of junctions. 
We have shown previously (3) that lens fiber junctions, purified by deter-
gent solubilization and sucrose gradient centrifugation, are characterized 
by the two major components MP26 and MP34. Freeze fracture experiments show 
that the differentiation of the communicating junctions existing between 
elongating and terminally differentiated fibers is characterized by an ac-
cumulation of intramembranous particles of protein nature (Figure 4). The 
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Figure 3 
Sodium dodecyl sulphate gel electrophoresis of isolated lens plasma membranes: 
a) Fiber membranes gathered at the interface between d 1.20 and d 1.22 
b) Fiber membranes gathered at the interface between d 1.18 and d 1.20 
c) Fiber membranes gathered at the interface between d 1,16 and d 1.18 
d) Fiber membranes gathered at the interface between d 1,14 and d 1,16 
e) Epithelial membranes gathered at the interface between d 1,14 and 
d 1.16 
f) Epithelial membranes gathered at the interface between d 1,16 and 
d 1,18 
g) Epithelial membranes gathered at the interface between d 1,18 and 
d 1,20 
h) Epithelial membranes gathered at the interface between d 1,20 and 
d 1,22 
i) For comparison the pattern of water-soluble lens crystallins is shown. 
* < - * 




Replica of freese fractured elongating lens epithelium plasma membranes. 
The junctional assembly is characterized by the multicentric accumulation 
of intramembranous 9 nm-particles. PF indicates the protoplasmic fracture 
face, EF the external one. J indicates a junctional domain, the intracellular 
space is indicated by is. 
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molecular mechanism of the junctional assembly may either rely on de novo 
synthesis of membrane constituents or lateral displacement within the plane 
of the plasma membrane of a preexisting pool of junctional constituents. 
Since there is a continuous and slow accumulation of newly synthesized 
plasma membrane lipids and protein during the process of elongation it is 
more likely that the assembly of communicating cortical junctions is asso­
ciated with the insertion of newly synthesized protein species (4). The ap­
pearance of MP26 in the fibers reinforces this assumption. 
For the understanding of the biogenesis of the fiber junctions it would be 
important to know whether MP26 and MP34 are synthesized in the lens cortex. 
In order to verify this possibility polysomes from lens cortex were added 
to a reticulocyte lysate. After incubation, immunoprecipitation was carried 
out with antiserum directed against the cortical fiber membranes. Analysis 
of the precipitate on sodium dodecyl sulphate Polyacrylamide gels revealed 
that MP34 has been synthesized (Figure 5). Analysis of precipitates from 
control experiments, using antisera directed against bovine serum albumin, 
and a, 6 and γ-orystallin showed no radioactivity in the 34,000 region. 
Therefore, formation of fiber junctions seems to be associated with de novo 
synthesis of the MP34 component. Unfortunately, so far we were unable to 
demonstrate that isolated fiber polysomes can also direct the synthesis of 
MP26. It cannot be excluded that this negative result may be due to low an­
tigenicity of MP26, As a consequence newly synthesized MP26 would escape 
detection in the immunoprecipitation technique. Alternatively, MP26 may in­
teract in the lysate with reticulocyte components and may be found as a 
band of higher molecular weight upon sodium dodecyl sulphate gel electro-
phoretic analysis. The observation that a component of molecular weight 
greater than 100,000 is precipitated with antisera directed against fiber 
membranes, whereas sera against epithelial membranes do not precipitate 
this component (Figure 5) favors this assumption, which, however, needs 
further experimental support. 
It has been suggested that oc-crystallin is associated to lens fiber plasma 
membranes (1, 16). Actually even in our highly purified lens fiber membrane 
preparations this protein is consistently found. It even resists deoxy-
cholate treatment but can almost completely be removed by repeated urea 
washings (Figure 6), Conversely in the isolated epithelial plasma membranes, 
a-crystallin is virtually absent in spite of the fact that this protein is 
synthesized in the epithelium even in vitro (17). It is noteworthy that 
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Figure 5 
Autoradiograph of the sodium dodecyl sulphate gel electrophoretic patterns 
of protein, immunoprecipitated with different antisera. 
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a) For comparison the [ s]-methionine labeled proteins, synthesized in the 
reticulocyte cell-free system, supplemented with lens polyribosomes are 
shown. 
b) and c) Two different antisera directed against lens epithelial plasma 
membranes were used for immunoprecipitation. 
d) and e) Two different antisera directed against lens fiber plasma mem­
branes were used for immunoprecipitation. (The high-molecular weight 
products, not precipitated with antisera directed against epithelial 
plasma membranes are indicated with arrows). 
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Figure 6 
Sodium dodecyl sulphate gel electrophoretic patterns of plasma membrane 
proteins from lens fibers. 
a) Untreated membranes. 
b) Membranes, repeatedly washed with 6M Urea. 
c) Membranes, washed with deoxycholate. 
d) Membranes, washed both with deoxycholate and 6M Urea. 
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plasma membranes from epithelium cultured in vitro also lack completely 
MP26 (manuscript in preparation). In conclusion it may be proposed that the 
association of crystallin polypeptides to the plasma membranes as integral 
components is dependent upon the presence of a specific protein in the 
bilayer. It will be a subject of further investigation whether MP26 is re-
sponsible for this association. 
Finally it should be mentioned, that the postulate that MP26 and MP34 are 
integral protein components of lens fiber junctions is consistent with the 
finding of proteins of similar molecular weight as major components of iso-
lated liver gap junctions (18-20). 
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Nomenclature for the Polypeptide Chains of Lens Plasma Membranes 
Key words: lens membranes; membrane-protein. 
The water-insoluble part of the bovine eye lens, which in the past was investigated 
only incidentally (Morner, 1894; Krause, 1933; Euttenberg, 1965; Waley, 1965; 
Dische, 1965; Disohe, Hairstone and Zelmenis, 1967), has recently become an object 
of study again (Bloemendal, Zweers, Vermorken, Dunia and Benedetti, 1972; Lasser 
and Balazs, 1972; Dunia, Sen Ghosh, Benedetti, Zweers and Bloemendal, 1974; 
Broekhuyse and Kuhlmann, 1974; Alcalá, Lieska and Maisel, 1975). The reason for 
this new interest is the observation that, in addition to the water-insoluble crystallins, 
the plasma membranes are found in this fraction. 
In our first report on the characterization of plasma membranes from calf lens 
we designated one of the major protein components of about 34 000 molecular 
weight as PB (predominant band) due to its heavy staining after SDS Polyacrylamide 
gel electrophoresis (Bloemendal et al., 1972). 
Now, in order to avoid confusion in the identification of lens plasma membrane 
components and to facilitate the discussion between students of the same problems, 
we believe that it will be helpful to have a more rational nomenclature. 
Since at this moment the only well-defined parameter for lens membrane proteins 
is their apparent molecular weight, the new nomenclature should contain a reference 
to this data. If one accepts as general designation of lens membrane proteins the 
abbreviation MP, the two major components, for example, will be called MP26 and 
MP34, respectively. The number behind the capitals MP indicates the apparent 
molecular weight in kilo daltons as determined on SDS Polyacrylamide gels (Fig. 1A). 
The two major components are further characterized by their behavior in urea 
and detergents. I t has to be noticed that MP34 seems to resist various treatments of 
the membranes (Dunia et al., 1974), whereas MP26 in some cases diminishes while 
a smaller component MP22 is found in the membrane protein profile (Fig. IB). 
Broekhuyse and Kuhlmann (1974) and Alcalá et al. (1975) reported the occurrence 
of one predominant lens membrane polypeptide. Although their molecular weight 
estimates differed to some extent, namely 25 500 and 27 500. respectively, both are 
presumably identical to our MP26. From the work of these authors who did not 
apply gradient centrifugation as purification step, it is not easily apparent which of 
the other lens membrane components corresponds to the specific membrane protein 
MP34 found consistently in our preparations. 
At any rate it can be postulated that both the 26 000 and the 34 000 molecular 
weight components are associated with the hydrophobic core of the lipid bilayer and 
have, therefore, to be indicated by MP. Both components are found in fiber membranes 
purified by density gradient centrifugation, and in the urea-insoluble fraction of 
lens homogenates extracted with alkaline buffer and urea (Benedetti, Dunia, Bentzel, 
Vermorken, Kibbelaar and Bloemendal, 1976). MP26 is absent in epithelial plasma 
membranes, while an MP45 component is found in both types of membranes 
[Vermorken. Hilderink, Dunia, Benedetti and Bloemendal (1977)]. 
As far as the other membrane protein components of the lens are concerned it is 
difficult to decide whether they represent intrinsic constituents rather than entities 
extraneous to the membranes. For example, the α crystallin polypeptide chains A 
and В bound to plasma membranes, may be alternatively designated as MP18 and 
MP20 according to our definition. 
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F I G . 1. SDS Polyacrylamide gel electrophoresis of lens fiber membrane proteins. (A) Pattern as 
usually observed with the two major bands MP34 and MP26. (B) Pattern obtained incidentally. The 
MP26 disappeared almost completely and is replaced by MP22. This phenomenon occurs in particular 
with samples upon storage, and may be due to some proteolytic action. (C) For comparison the pattern 
of the soluble crystalline is shown. As major bands a.A, OLB and ßBp appear. 
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Abstract 
In the calf eye lens four morphologically distinct cell-types can be 
detected; three in the epithelial monolayer and one in the cortical 
part. During differentiation there is a quantitative change in the 
synthesis of crystallin subunits. A marked increase in aA-chains and 
several ß-crystallin polypeptides accompanies the transition from 
epithelial to fiber-like lens cells while the synthesis of the non-
crystallin proteins diminishes significantly. 
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Introduction 
The mammalian eye lens has been explored for the study of the typical 
structural proteins, the crystallins (15, 17, 21, 16, 1) and recently 
for the investigation of membrane proteins and their biosynthesis 
(4, 22, 20). The protein biosynthetic events in the lens cortex which 
contains the bulk of the terminally differentiated fiber cells has 
intensively been studied (6). However the question which crystallin 
polypeptide chains are synthesized in the epithelial monolayer has not 
been answered unequivocally yet. It would be extremely important to 
have the answer to this question in order to fruitfully investigate 
fundamental processes such as regulatory mechanisms in differentiation. 
Studies have been undertaken to establish the protein pattern of lens 
epithelia. Papaconstantinou (14) and Van Venrooij et al, (18) claimed 
the presence of α and ß-crystallin in the lens epithelium, on the 
other hand, according to Papaconstantinou, γ-crystallin could only be 
found in lens fibers. The latter finding should, therefore, reflect 
an aspect of cellular differentiation in the lens. Biosynthesis of 
a-crystallin in the epithelium has been reported by Delcour and 
Papaconstantinou (9). In our opinion, in all investigations undertaken 
so far contamination of the epithelial preparations with fibers could 
not be excluded. This is due to the fact that epithelial cells were 
defined as those cells that adhered to the lens capsule when it was 
removed from the organ. However, no evidence was provided that fiber 
cells were completely removed. 
In this paper we describe a study upon the synthesis of crystallins in 
the eye lens epithelium. Microscopic observation revealed the absence 
of fiber cells in our preparations. Evidence is provided that the В 
chain of a-crystallin is preferentially synthesized in a defined part 
of the lens epithelium. 
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Materials and Methods 
L - [ s] Methionine (spec, act 180 Ci/umol was purchased from the 
Radiochemical Centre (Amersham, England). 
Tissue preparation 
Calf eyes were obtained on ice from the slaughter-house. They were 
washed with distilled water and opened at the lateral side, so that 
the lenses could be removed without adhering iris material. 
For microscopio examination, the epithelia were spread on a micros-
cope slide, as described in the results section. The preparations 
were then fixed in OsO. vapour for 3 min. and stained according to 
Glemsa for 30 min (11). 
Labeling of lens epithelial cells 
35 Epithelial cells were labeled for 15h with L - [ s] methionine in 
labeling medium (Hank's basic salt solution supplemented with 10% 
dialyzed calf serum and amino acids except for methionine), Per 
incubation the epithelial cells from ten capsules were used. A 
maximum of 20% of the added [ s] methionine was incorporated into. 
cellular protein. 
Polyacrylamide gel electrophoresis 
Analyses were performed by sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis according to Laemmli (13) with the modification 
that a slab gel instead of gel rods was used. The gel was 12 cm long 
and contained 13% acrylamide, 0.4% methylene-bisacrylamide and 0.1% 
sodium dodecyl sulphate. In this method a stacking gel was applied. 
The radioactive samples contained about 10.000 counts per minute. 
Staining and destaining was performed as described by Weber and Osborn 
(23). Gels were processed for autoradiography. For the detection of 
the labeled proteins the procedure of Bonner and Laskey (7) was used 




An electrophoretic run was performed in the first direction on Poly-
acrylamide gels containing 6M-urea in 13-cm tubes as described by 
Bloemendal (3). Thereafter, the gel was sliced longitudinally with 
an apparatus described by Berns and Bloemendal (2), The inner slice 
was used as sample gel for the run in the second dimension on a 
sodium dodecyl sulphate Polyacrylamide gel. This slice was kept in 
position by pouring a stacking gel solution (5% acrylamide) on top 




Figure 1 a) Schematic drawing of the lens indicating the localization 
of the four morphologically different cell types. 
b) Cross section of cells of the central epithelium. Epithe-
lial cells are flat with nuclei spaced unequidistantly 
(note the few nuclei depicted in the focus of the optical 
system). 
Hematoxylin and eosin stains. 
c) Cross section of cells of the pre-elongation zone. Epithelial 
cells approach cuboidal forms with almost regular distribu-
tion of closely packed nuclei. 
Hematoxylin and eosin stains. 
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Results 
In order to investigate whether elongating fibers are contaminating 
the epithelial preparations the collagenous capsule of the lens was 
opened at the post-equatorial region by making a few radial incisions. 
Then the anterior part of the capsule was spread on a microscope 
slide. Microscopic examination reveals four morphologically distinct 
types of cells showing different size and arrangement. (See figure la 
for schematic drawing of the localization in the intact organ). Type 1 
is located in the centre of the lens epithelium and consists of rela-
tively large polygonal cells (see figures 2a and lb). Type 2, consisting of 
much smaller epithelial cells, is found in a ring around this central 
part of the epithelium (see figure 2a), Most striking is the very 
regular arrangement, and the relatively large size of the cell nuclei 
in the area close to the elongation zone (type 3, figs. 2b and 1c) . Figure 2c 
shows fiber-like cells of the elongation zone (type 4). Although these 
fibers are relatively short they are definitely not epithelial cells. 
The occurrence of the latter cells in the preparation demonstrates 
that the epithelium cannot be removed from the lens free from fibers 
merely by removing the capsule. 
About 9mm of the inner part of the epithelium was isolated by careful 
cutting with the aid of scissors. These preparations containing cells 
of type 1 are fiber-free but are occasionally contaminated with cell-
35 type 2. Incubation of this part of the epithelium with [ S] methionine 
followed by electrophoretic analysis of the newly synthesized polypep-
tides reveals a pattern which is quite different from that, obtained 
after incubation of the combined cell-types 2, 3 and 4. (see figure 3). 
In the crystallin region of the electrophoretic pattern of the central 
lens epithelium label is present where a-crystallin is located and 
virtually absent where the 3-crystallin chains: $B , ßB«, ВВ. _, ßB5 
and ßB are found, (see figure 4 for a schematic drawing of the la 
nomenclature of the ß-crystallin chains). When the combined zones 2, 
3 and 4 are incubated, a polypeptide pattern is obtained, characterized 
mainly by an increase of the A chain of a-crystallin, the major chain 
В of 3-crystallin and by the appearance of the B 5 and В chains of 
103 
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Figure 2 Flat mount of calf lens epithelium showing: 
a) cell type 1 and 2. 
b) the cells of the pre-elongation zone (see arrows) 
c) short fiber cells adhering to the lens capsule. 
M P 34 
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a В 
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Figure 3 Autoradiograph of a sodium dodecyl 
sulphate gel electrophoretic pat­
tern of: 
a) products synthesized in the 
central epithelium after incu­
bation with [ s] methionine. 
b) products synthesized in the 
combined zones 2, 3 and 4 of the 
epithelium after incubation with 
[ S] methionine, the upper arrow 
indicates 
la 
, the middle one 































Figure 4 a) Schematic drawing indicating the nomenclature of the crys-
tallin chains on a sodium dodecyl sulphate gel. 
b) Schematic drawing indicating the nomenclature of the crys-
tallin chains on an alkaline urea gel. 
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ß-crystallin (compare fig. За and 3b with 5a and 5b. For nomenclature 
see fig, 4). On the other hand, the synthesis of the membrane consti­
tuent HP 34 (5,22) and of the non-crystallin polypeptides is diminished. 
This can be concluded by comparison of figs, 5a and 5b, The two elec-
tropherograms have been "normalized" by application of an amount of 
radioactivity so that the number of counts in the oB -spots are vir­
tually equal, 
Cutting out of the radioactive aA_ and aB. spots from the electrophero-
gram followed by liquid scintillation counting reveals a ratio of 1:3 
for the central lens epithelium and 3:2 for the combined zones 2, 3 and 
4 respectively, 
That the radioactivity in the low molecular weight region is indeed due 
to o-crystallin chains is demonstrated by two-dimensional co-electropho-
resis of the newly synthesized polypeptides and a mixture of isolated 
unlabeled a-crystallin polypeptides and SB (compare figs. 5a and b with 
5c). It can be seen that radioactivity and Coomassie blue stain coincide. 
This means that the polypeptides synthesized de novo and the native 
chains have both identical net charges and molecular weights. 
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Figure 5 Two-dimensional Polyacrylamide gel electrophoresis of newly 
synthesized protein in calf lens epithelial cells. 
a) Autoradiograph of products synthesized de novo in the 
central part of the lens epithelium. 
b) Autoradiograph of the products synthesized de novo in the 
combined zones 2, 3 and 4 of the lens epithelium. 
c) Stained pattern of isolated native a-crystallin chains 
and the main polypeptide of 3-crystallin f3B . 
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Discussion 
The problem concerning the synthesis of crystalline in lens epithelium 
is interesting since during the processes of differentiation and aging 
changes in their subunit composition and physical properties occur (6). 
Moreover it has been shown that o-crystallin is intimately bound to 
the lens fiber membranes (4,8), whereas epithelial membranes seem to 
contain much less ot-crystallin (22) . Our present results show that in 
a defined region of the lens epithelium the B_ chain of oc-crystallin 
is preferentially synthesized. 
Delcour and Papaconstantinou (10) reported a change in stoichiometry 
of the A. and B_ chains of o-crystallin during differentiation from 
2:1 (in epithelium) to 3:1 (in fibers). Our results with "fractiona-
ted" epithelia demonstrate that in the earliest stage of a-crystallin 
synthesis the ratio of A- to B» is 1:3. Increased synthesis of A« 
chains occurs in the region close to or in the elongation zone. Further-
more our findings demonstrate that the onset of fiber differentiation 
is also accompanied by the formation of the ß-crystallin chains Β , 
В. and В . 
5 Ρ 
In conclusion it can be stated, that lenticular cell differentiation is 
parallelled by sequential changes in polypeptide synthesis. Since we 
were able to "separate" different areas of the calf lens epithelium and 
observed different activities in these areas with respect to the syn­
thesis of a- and ß-crystallin subunits, promising avenues for further 
research have been opened. In view of our observations the previously 
reported absence of a-crystallin in epithelial plasma membranes cannot 
be explained by the absence of a-crystallin synthesis since we clearly 
demonstrated that aA and aB chain formation does take place in this 
part of the lens. Therefore, the absence of a-crystallin has either to 
be ascribed to intrinsic properties of the epithelial membranes resul-
ting in a different binding capacity or, alternatively, to a difference 
between the "older" a-crystallin in the fibers and the "younger" a-crys-
tallin in the epithelium. The latter interpretation would be in agreement 
with experiments of Bracchi et al. (18). 
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CHAPTER 8 
Metabolism of Dehydroepiandrosterone in the Eye Lens Epithelium* 
A. J. M. VEEMORKEN,t W. J. M. VAN DE VEN,f W. H. J. GlELEN,* 
H. BLOEMENDAL f AND H. C. J. KETELAARSJ 
f Department of Biochemifitry and % Department of Pharmacology, 
University of Nijmegen, Nijmegen, The Netherhnds 
(Received 29 March 1976 and in revised form 4 June 1976, London) 
Dehy(lroepiandrosterone§ is metabolized in the lens epithelium. Its metabolites have been 
identified as 7-a-hydroxy-dehydroepiandrosterone, androstenediol and androstenedione. 
The hydroxylating enzyme is mainly loeated in the microsomal fraction, whereas the 
androstenediol forming enzyme is present both in the soluble and in the nuclear fraction of 
the cell. The inhibition characteristics of lenticular glucose-(i-phosphate dehydrogenase 
seem to resemble those found in other tissues. 
Key u-ards: lens epithelium; steroids; dehydroepiandrosterone; glucose-()-phosphate 
dehydrogenase. 
1. Introduction 
I n m a n y tissues, inchidiiig lens (Charlton and Van Hcyningen, 1971), t h e activity of 
glucose-6-phosphate dehydrogenase (E.G. 1.1.1.49), the key enzyme of the pentose 
phosphate cycle, is inhibited by the, hormone D H E A (Marks and Banks, 1960; 
McKerns and Kaleita, 1960; Levy. 1961; Bene«, Freund, Menzel, Htarka and Oertel, 
1970a; Benes. Menzel and Oertel, 1970b). Since this metabolic pathway not only 
provides N A D I ' H for t h e reductive biosynthesis of various compounds (Zakrzev ski, 
1960; Armstrong and Wagner, 1961; "Wakil and Bressler, 1962), but also pentose 
phosphate for the formation of nucleic acids (Larsson and Thelander, 1965; l lo lzmann, 
Franz, Morsches, Oertel and Degenhardt, 1972), it is of great importance for ceil 
replication as is shown by the inhibition of cell propagation and thymidine incorpora­
tion of cells t reated with D I I E A in culture (Oertel, Rindt, Brachetti, Holzmann and 
Morsches, 1972; Strubel, Rindt , Hoffmann, Schirazi and Oertel, 1974). Also in t h e 
lens epithelium mitosis might be under control of the pentose phosphate cycle. I n this 
paper we describe the metabolism of D H E A in lens epithelium and t h e inhibition of 
lenticular glucose-6-phosphate dehydrogenase by this hormone and two of its 
metabolites. 
2. Materials and Methods 
Chemicals 
Dehydro-[4-14C]epiandrosterone (specific activity 58-8 шСі/тм) was obtained from the 
Radiochemical Centre, Amersham, and was checked chromatographically for radiochemical 
purity before each experiment. Unlabeled steroids, glucose-G-phosphate dehydrogenase, 
penicillin G and NADP were purchased from Sigma Chemical Company with the exception 
of 7-adiydroxy-DHEA, which was a gift from the Steroid Reference Collection J l .R.C, 
London, England. Gluconate-6-pliosphate and glucose-6-phosphate were obtained from 
Boehringer Mannheim. 
§ Abbreviations used in this article: dehydroepiandrosterone — 3/î-hydroxy-5-androstene-17-one 
(DHEA)j androstenediol = 5-androstene-3/J, 17/3-diol (ADIOL); androstenedione =-4-androsteiie-3, 
17-diotico (AUION). 
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As scintillation liquid a solution of 3 g of PPO {2,5-dipheiiyloxazol) and 0-2 g of POPOP 
{•2,2-phenyleiibis (4-methyl-5-phenyloxazol)), both obtained from Merck, Darmstadt, in 1 I 
of toluene was used. For thin layer chromatography G-1500 LS 254 silicagel plates, obtained 
from Carl Schleicher & Schall, were employed. Kodak X-Ray RP/R 2 films were used for 
autoradiography. The column was packed with 1-0% SE-30 on Gas chrom Q 80-100 mesh 
for gas chromatography-mass spectrometry. This column packing was obtained from 
Applied Science Laboratories Incorporation. BSTFA (AT,o-bis-(trimethylsilyl)-trifluoro-
acetamide) was purchased from Pierce Chemical Company. 
Tissue preparation 
Calf eyes were obtained on ice from the slaughter-house and used immediately. They 
were washed with distilled water and opened at the lateral side, so that the lenses could be 
removed without adhering iris material. A small incision was made in the lens capsule after 
which it could easily be removed from the lens body. About 40% of the epithelial cells 
remained adhering to the lens capsule, as was demonstrated by microscopic examination. 
Incubation 
The radioactive D H E A {0-125 ^ Ci/10/il) was added to 25 ml incubation flasks and 
evaporated to dryness under a stream of nitrogen. The tissue (500 mg) was washed into 
the incubation flasks with 5 ml of 0-1 M-phosphate buffer, pH 7-5, containing 0-2 м-sucrose, 
500 units of penicillin G, and a NADPH-generating system (1 /tumol/NADP, 25 μηιοί 
glucose-6-phosphate, 1 unit of glucose-6-phosphate dehydrogenase, 0-4 mmol JIgCl2). The 
tissue was incubated at 370C for 4 hr under air in a metabolic shaker. The reactions were 
terminated by the addition of 10 ml of redistilled acetone and the flasks stored overnight 
in a refrigerator at 40C. 
Isolation of radiometabolites 
A general procedure for the determination of radiometabolites has been reported in 
detail by Collins, Mansfield, Bridges and Sommerville (1969). Each incubation mixture was 
extracted five times with 20 ml of acetone at 50oC, and the extract filtered and evaporated 
until only the buffer remained. Twenty nd of sodium hydroxide, pH 9Ό, was added to the 
flasks and the mixture extracted twice with diethyl ether. The washed extracts л еге taken 
to dryness, redissolved to a known volume, and purified chromatographically on silieagel, 
by developing the plate in petroleum ether (80-100oC) saturated with methanol-water 
(6:4). The radioactivity (RF < 0-05) was scraped from the plate and extracted three times 
with 2 ml of methanol. These extracts were taken to dryness, redissolved to a known 
volume, applied to thin layer plates and chromatographed in a system of chloroform-
ethanol (19:1). The spectrum of metabolites was examined autoradiographically by over­
night exposure of the plates to X-ray film. The areas of radioactivity were then scraped off 
the plates and eluted with methanol, and an aliquot was radioassayed by scintillation 
counting. 
Gas chromatography 
For analysis by combined gas chromatography-mass spectrometry, 100 g of lens 
epithelia were incubated with 400 ju,g of unlabeled DHEA. After separation by thin layer 
chromatography the metabolites were extracted with ether. ADION was analyzed as free 
steroid, while ADIOL and 7-a-hydroxy-DHEA were converted into their trimethylsilyl-
ethers (TMSi-ethers) : each sample was dissolved in 50/d of BSTFA, the solution was 
agitated on a vortex mixer and allowed to stand overnight at room temperature. Reference 
samples were handled in the same way. A small amount (4 /nl) of each sample was injected 
into the gas chromatograph-mass spectrometer (gc-ms) and spectra were taken at 20 eV. 
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After each sample a reference was injected and the retention times and spectra were 
compared. 
Apparatus. An LKB 9000 combined gc-ms was used with a glass column (60 X 0-3 cm) 
and packed with 1·0ο/
ο
 SE-30 on Gas chrom Q 80-100 mesh. 
Temperature. Injection port 250oC, column •200oC, separator 260oC, ion source 270oC. 
Spectra were taken at 20 eV ionizing potential with a trap current of 60 μΑ and an 
accelerating voltage of 3-5 kV. 
Preparation of the supernatants 
One thousand lens epithelia were added to one volume of ice-cold buffer containing 




Fio. 1. Autoradiograph of a chromatogram of the steroids extracted after incubation of radioactive 
DHEA (A) with and (B) without lens epithelia. 
11 
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(80 mesh) was added and the tissue was homogenized in a mortar. The suspension was 
centrifuged at 3200 X g for 60 min, and the supernatant was dialyzed overnight against the 
extraction medium. During the whole procedure the temperature was kept between 0° 
and40C. 
Liver and lens body supernatants as well as 6-phosphogluconat dehydrogenase were 
prepared according to Glock and McLean (1953). 
Estimation of (jlucose-6-phosphate dehydrogenase activity 
The gluco8e-6-phosphate dehydrogenase activity was measured spectrophotometrically 
by following the initial rate of reduction of NADP at 340 nm and 220C. The reaction rate 
was constant for about 5 min and proportional to the amount of enzyme added. 
In the assay procedure the reaction mixture consisted of 0-1-0-3 ml of supernatant 
(depending on the activity of the preparation), 0-1 ml of the 6-phospho-gluconat dehydro­
genase supernatant, ()·5 ml of 0 1 M-MgCl2, 0-5 ml of ()·25 м-glycylglycine buifer, pH 7-7, 
and 1-0 ml of 2-5 imi-NADP. The volume was then adjusted to 2-4 ml with extraction 
medium. Ten μ! of dioxane were added in which the hormones were dissolved in a con­
centration of 12-5 т м . In the control assays only dioxane was added. The reaction was 
started by adding 0-1 ml of 5 m.M-glucose-6-phosphate. 
3. Results 
Incubation and identification of metabolites 
The lens epithelium metabolizes the hormone DHE A into three major compounds. 
An autoradiograph of a chromatogram of the steroids extracted after incubation 
shows a large spot corresponding to DHEA and smaller spots representing its nieta-
bolites (a, b and с in Fig. 1A). An autoradiograph of a control incubation, in which no 
tissue was added, shows only a small amount of radioactivity corresponding in 
position to one of the metabolites (see Fig. IB). In the identification experiments the 
labeled metabolites were co-chromatographed with the unlabeled ones. In Table I the 
i?
r
-values on the thin layer plates are given (middle column). 
TABLE I 
RF-Values on thin layer plates, and relative retention times in the 
gas Chromatograph of DHEA and its metabolic derivatives 
Relativo retention 
Compound Βγ - TLC* time—GC* 
DHEA 0-43 0-62 
ADION (spot a) 0-60 100 
ADIOL (spot b) 0-27 1-24| 
T-a-hvdroxy-DIIEA (spot c) 0-09 1-56| 
* Eor conditions of thin layer chromatography (TLC), and gas chromatography (GC), see Methods 
section. 
t TMSi-dcrivatives. 
Identification of the individual metabolites was achieved by combined gas chro-
matography-mass spectrometry. Comparison of the mass spectra of the metabolites 
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with those of pure reference compounds revealed that metabolite (a) is ADION, 
(b) is ADIOL, and (c) is 7-a-hydroxy-DHEA. 
In Table I (third column) the relative retention times of DHEA and of the 
metabolites in the gas Chromatograph are given. 
Subcellular localization of the enzymes 
Since one of the metabolizing enzymes concerned is a hydroxylating one, it was of 
interest to investigate whether or not this enzyme is localized in the membraneous 
fraction of the cell as are hydroxylating enzymes in liver (Fouts and Gram, 1969). 
Cell nuclei, membranes, and a cytosol fraction were isolated according to Vermorken, 
Hiderink, Beneditti anel Bloemendal (1976a, b). No hydroxylating activity could be 
detected in the soluble part of the lens cells. However, this activity was present both 
in the nucleus and in the membrane fraction. The formation of ADION was small 
in all fractions, ADIOL formation was negligible in the membrane fraction but high 
in both the nuclei and cytosol (Table II). 
TABLE I I 
Subcellular distribution of the metabolizing enzymes 
Formation of metabolites* 
Subcellular fraction 7-a-Hydroxy-DHEA ADIOL 
Nuclei 100 J00 
Microsomes 500 6 
Cytosol 0 46 
* The formation of the metabolites in the nuclei has arbitrarily been taken as 100. 
TABLE H I 
K
m




Calf lens epithelium 2-6 . IO' 5 м (2-2 . IO"5 м) (1) 
Calf lens body 4-3 . 1 0 ' 5 м (4-5 . ID"5 м) (2) 
Calf lens body 4-3 . Ю-5 м (4-7 . IO"5 м) (3) 
Bovino lens body 2-9 . 10 5 м (2-8 . I 0 - S M ) (4) 
Values in parenthesis are taken from Charlton and Van Heyningen (1971). (1) Sheep cortex, (2) sheep 
nucleus, (3) rat lens (12 weeks), (4) rat lens (28 weeks). 
Comparison of glucose-6-phospJiate dehydrogenase in calf lens epithelium, calf lens body 
and bovine lens body 
The pH activity curve of glucose-6-phosphate dehydrogenase using calf lens body 
supematants as the source of the enzyme is in reasonable agreement with that found 
by Charlton and Van Heyningen (1971) in sheep lenses. The pH optimum was at 
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pH 7-7. In all further enzyme determinations this pH was used. We compared the 
К 's of the enzyme preparations from lens epithelia and from lens body and found 
that the K
m
 of glucosc-6-phosphate dehydrogenase in the lens body is higher than in 
the epithelium of calf lenses. In the lens body of older animals the K
m
 appeared to 
be lower than in the corresponding fraction of younger ones. Table I I I shows that 
our values for cattle lens are comparable to those of Charlton and Van Ileyningen 
(1971) who studied sheep and rat lens. 
Inhibition of gliicose-6-phospkate dehydrogenave by steroids 
The influence of different substrate (glucose-6-phosphate) concentrations on the 
initial reaction velocity is reflected by LinewTeaver and Burk plots (1934). As for other 
tissues, such as blood and placenta (Benes et al., 197()a, b), DHEA was a more potent 
inhibitor than ADION, while ADIOL showed no significant inhibition. From Fig. 2 
it can be concluded that the type of inhibition is uncompetitive, as has also been 
found by Raineri and Levy (1970) for mammary glucose-6-phosphate dehydrogenase. 
The corresponding K
m
 andA'^values are listed in Table IV. 
I/S 
FIG. 2. Kinetic pattern of the inhibition of gIucosp-6-phosphate dehydrogenase in (a) oalf lens epi-
lelium (b) adult bovine lens body, (c) bovine calf lens body. V is defined as /11)5 min at 340 nm; thelium, (b) 
1/S is given in M-'XlO4. A = activity without hormone; В 
С = activity with DHEA (5 . К И м ) . 
activity with ADION ( 5 . 1 0 - 5 м ) ; 
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TABLB IV 
Inhibition of glucose-6-phosphate dehydrogenase in different lens 
preparations by ADION, DHEA and ADIOL 
Enzyme preparation 
Calf lens epithelium 
Calf lens body 







2-9 . 10~5 M 
Km* 
ADION 
2-3 . ΙΟ-5 M 
3-0. ΙΟ"5 M 
2-5. Ю-5 м 
DHEA 
1-6. 10-5 м 




2-4. IO"5 M 
4-2 . Ю-5
 M 
2-8. IO" 5 M 
4. Discussion 
Although hormonal regulation of the enzymatic activity of lenticular glucose-6-
phosphate dehydrogenase has still to be fully elucidated, the metabolism of DHEA 
might be a helpful tool in the study of cellular differentiation. For instance, psoriasis 
vulgaris, which is characterized by a changed pattern of epidermal differentiation, 
shows an increased DHEA metabolism in the red blood cells (Hoffmann, Morsches, 
Döhler, Holzmann and Oertel, 1972). Our results clearly show that DHEA is meta-
bolized in the lens epithelium. Since all the metabolites of the hormone have a much 
less inhibitory effect (Raineri and Levy, 1970) on glucose-6-phosphate dehydrogenase, 
the activity of the pentose cycle may be under control of the DHEA metabolism. 
In the present study we were also able to show that in lens epithelium hydroxylation 
of the hormone takes place in the microsomal fraction of the cells. For the under-
standing of lens cell differentiation it would he of interest to know whether hydroxyla-
tion still occurs on fiber plasma membranes, since during the process of differentiation 
of the epithelial cell into a fiber cell eventually all organelles including the cytoplasmic 
membranes disappear, whereas the surface of the plasma membranes enlarges 
enormously (Benedetti, Dunia and Bloemendal. 1974). Since in our laboratory methods 
have been developed to isolate plasma membranes without the use of detergents 
(Bloemendal, Zweers, Vermorken, Dunia and Benedetti. 1972), studies can be started 
to answer the questions raised above. 
Note added in proof 
Meanwhile we were able to demonstrate that isolated lens plasma membranes spec-
ifically hydroxylate DHEA (Vermorken, de Waal, v-d. Ven, Bloemendal and Henderson 
(1976)). ' 
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Summary 
Hydroxylation of the steroid hormone dehydroepiandrosterone in the calf 
lens is inhibited by carbon monoxide and stimulated by NADPH. The enzyme 
concerned was found to be membrane-bound. Although the enzyme resembles 
the liver mono-oxygenase system in these characteristics, the presence of 
cytochrome P-450 in the lens could not be proved by measuring a difference 
spectrum with carbon monoxide, probably because the concentration of the 
enzyme is too low. 
Preparations of purified lens fiber plasma membranes also hydroxylate 
dehydroepiandrosterone. This indicates that the fiber plasma membranes act 
as supports for enzyme complexes. In this respect they resemble cytoplasmic 
membranes and plasma membranes derived from other tissues. 
Cultured lens cell contain the hydroxylating enzyme, although its activity is 
dependent on the culture conditions used. It is striking that in lens fibers the 
enzyme which seems to convert dehydroepiandrosterone specifically, occurs on 
the plasma membranes, whereas, for instance, in liver, hemoproteins localized 
on the endoplasmic reticulum, exert hydroxylating activity towards a variety 
of steroids. This suggests some regulatory role for dehydroepiandrosterone in 
lens growth and metabolism. 
Introduction 
The lens has a number of special properties that make this organ especially 
suitable for the study of cellular differentiation. The organ consists of an outer 
Abbreviations: dehydroepiandrosterone, 3/3-hydroxy-5-androsten-17-one; androstenediol, 5-
androstene-3/itl7-dioI; androstenedione, 4-androstene-3,17-dione; androsterone, 3û:-hydroxy-5a-
androstan-17-one; cholesterol, 5-cholesten-3i3-ol. 
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monolayer of epithelial cells that eventually differentiate into the lens fibers. 
During this process of differentiation the cellular organelles, including the cyto-
plasmic membranes, disappear. However, the surface of the plasma membranes 
enlarges almost thousand-fold, while elongation of the fiber cells takes place 
[1 ,2 ] . During this elongation process typical membrane specializations, in casu 
fiber junctions, are formed [ 3 ] . In this connexion we have recently been able 
to show that the formation of the fiber junctions is accompanied by the 
appearance of a specific polypeptide of 26 000 dalton in the protein pattern of 
the lens membranes (Vermorken, A.J.M., in preparation). Moreover, we demon-
strated that polyribosomes isolated from the lens cortex, when added to a 
heterologous system, code for the total set of lens proteins including those 
constituting the membranes (Vermorken, A.J.M., in preparation and ref. 4). 
Under special conditions messenger RNA coding for these proteins can be 
isolated from these polyribosomes [ 5 ] . Since lipids, involved in membrane syn-
thesis, also accumulate in the lens cortex [ 6 ] , the fiber membranes seem to be 
newly synthesized during lens cell differentiation. 
One of the questions which remains to be answered is whether or not the 
differentiated fiber plasma membranes do still carry out some of the functions 
that are normally associated with cytoplasmic membranes, in particular with 
the endoplasmic reticulum. 
In a previous study we demonstrated that two enzyme activities which are 
plasma membrane markers in other systems, namely (Na+—K+)-ATPase and 5'-
nucleotidase, are present in the lens fiber plasma membranes only at a very low 
specific activity [7 ] . Apparently in the lens (Na+—K+)-ATPase is almost com-
pletely associated with the epithelial layer, where it probably controls the 
electrochemical gradient throughout the entire lens [ 8 ] . 
Recently, experimental evidence has been provided by us that, using 
dehydroepiandrosterone as a substrate, steroid hydroxylation occurs in the lens 
epithelium. This important enzymatic activity was associated with a membrane 
fraction isolated from the epithelial cells that contained both endoplasmic 
reticulum and plasma membranes [ 9 ] . One may ask whether lens fiber plasma 
membranes which are free of endoplasmic reticulum fragments show hy-
droxy lating activity. 
In this paper we demonstrate that, like the microsomal fraction from rat 
liver, the isolated lens plasma membranes are able to hydroxylate dehydro-
epiandrosterone. 
Materials and Methods 
Chemicals. Dehydro-[4-14C]epiandrosterone (specific activity 58.8 mCi/ 
mM), [4-14C]chlolesterol (specific activity 52.5 mCi/mM), and [4-14C]androst-
4-ene-3,17-dione (specific activity 56.2 mCi/mM) were obtained from the 
Radiochemical Centre, Amersham. [1,2-;!H2(N)] androsterone (specific activity 
25 Ci/mM) was obtained from New England Nuclear Corporation, and diluted 
to a specific activity of 50 mCi/mM before use. Androstenediol was prepared 
by incubation of dehydroepiandrosterone in a homogenate of lens epithelia, 
and separated from the other steroids as described earlier [ 9 ] . Before each 
experiment the hormones were checked chromatographically for radiochemical 
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purity. Gluconate 6-phosphate and glucose 6-phosphate were obtained from 
Boehringer Mannheim. For thin layer chromatography, G-1500 LS 254 silicagel 
plates obtained from Carl Schleicher and Schuil were employed. Kodak X-Ray 
RP/R.2 films were used for autoradiography. When tritium-labeled steroids were 
used, autoradiography was performed after spraying the silicagel plate with a 
solution of 7% PPO (2,5-diphenyloxazol) in ether [ 1 0 ] . As scintillation liquid, 
a solution of 3 g of PPO and 0.2 g of POPOP (2,2-phenylen bis(4-methyl-5-
phenyloxazol), both obtained from Merck Darmstadt, in 1 1 of toluene was 
used. 
Tissue preparation. Calf eyes were obtained on ice from the slaughter-house. 
They were washed with distilled water and opened at the lateral side, so that 
the eye lenses could be removed without adhering iris material. A small incision 
was then made in the lens capsule, after which it could easily be removed from 
the lens body. About 40% of the epithelial cells remained adhering to the lens 
capsule, as was demonstrated by microscopic examination. Homogenates of 
epithelia were prepared by treatment of a suspension of these capsules in buffer 
with a Polytron homogenizer for 15 s. Lens epithelial cells were cultured on the 
capsules by spreading them on the bottom of plastic culture flasks. The capsules 
were allowed to stick to the plastic surface of the flask for 30 min at 37° С 
Then the tissue culture medium, consisting of TC 199, 0.33% lactalbumin 
hydrolysate in Hanks solution (1 : 2 v/v) complemented with 10% newborn 
calf serum (Flow), penicillin (100 I.U. per ml) and streptomycin (100 μg/ml), 
were added carefully. After 1 week, cells grew over the edges of the capsules on 
the bottom of the flasks. For our investigations the capsules were removed. 
Both the cells growing on plastic and those adhering onto the capsules were 
incubated separately. 
As cytosol fraction a 100 000 X g supernatant of lens cortices homogenized 
in 1 volume of water was used. A crude membrane preparation was obtained 
by sedimenting at 7000 X ^ a homogenate of 100 lens cortices in 1 1 of buffer 
consisting of 1 mM NH4HCO3 and 1 mM CaClj. Purified lens fiber membranes 
were prepared according to Bloemendal et al. [7] with a slight modification as 
described in the results section. 
Incubation and isolation of the radiometabolites. The radioactive dehydro-
epiandrosterone (0.125 μϋί/ΙΟ μΐ) was added to 25 ml incubation flasks and 
evaporated to dryness under a stream of nitrogen. The tissue (500 mg) was 
washed into the incubation flasks with 5 ml of 0.1 M phosphate buffer, pH 7.5, 
containing 0.2 M sucrose, 500 units of penicillin G, and a NADPH-generating 
system (1 jumol NADP, 25 μιηοΐ glucose 6-phosphate, 1 unit of glucose-6-phos-
phate dehydrogenase, 0.4 mmol MgC^). The tissue was incubated at 37°С for 
4 h under air in a metabolic shaker. The reactions were terminated by the addi­
tion of 10 ml of redistilled acetone and the flasks stored overnight in a 
refrigerator at 4° С 
The methods for the isolation of the radiometabolites were as described 
earlier [ 9 ] . The spectrum of metabolites was examined autoradiographically 
by overnight exposure of the plates to X-ray film. The autoradiographs were 
scanned with a Vitatron TLD 100 densitometer. 
For quantitation of the results, the areas of radioactivity were scraped off 
the plates and eluted with 1 ml of methanol. The methanol solution was then 
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added to 10 ml of scintillation liquid, and assayed for radioactivity. 
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis. Sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis was performed according 
to Laemmli [11] with the modification that a slab gel instead of gel rods was 
used. The gel was 12 cm long and contained 13% acrylamide, 0.4% methylene-
bisacrylamide and 0.1% sodium dodecyl sulphate. In this method a stacking gel 
was applied. Staining and destaining were as described by Weber and Osborn 
[12]. 
Electron microscopy. The membrane pellets collected by centrifugation 
from the gradient layers were fixed in 2.5% gluteraldehyde in 0.1 M phosphate 
buffer, pH 7.2, for 30 min and post-fixed in 1% OSO4 in the same buffer during 
1 h. After dehydration all samples were embedded in Vestopal. Thin sections 
were examined, double stained with uranyl acetate and lead citrate. 
Spectrophotometric measurements. Suspensions and homogenates of lens 
epithelia were examined for the presence of cytochrome P-450 by measure­
ment of the carbon monoxide difference spectrum after reduction with sodium 
dithionite following the method of Omura and Sato [13]. The suspensions or 
homogenates were divided equally into two cuvettes having identical light 
paths, and were placed in a Cary 118C Split-Beam spectrophotometer equipped 
with a Scattered Transmission Accessory. The uniformity was tested by 
recording a baseline of equal absorbance between 500 and 350 nm. Then the 
content of the sample cuvette was gassed with carbon monoxide for 1 min 
followed by the addition of a few crystals of Na2S204. The difference in absor­
bance was measured as a function of wavelength. The resulting spectrum is the 
composite of the difference spectrum of reduced cytochrome b-5 plus the CO-
complex of reduced cytochrome P-450. Then, a few crystals of NajSjC^ were 
also added to the content of the reference cuvette, and the difference in absor­
bance between 500 and 350 nm was recorded again in order to obtain the 
difference spectrum of the CO-complex of the reduced P-450 minus reduced P-
450. The difference in absorbance, 450—490 nm, was used as the estimate of 
P-450. The millimolar extinction coefficient was taken as 91 (14). In micro­
somal suspensions from rat lung and liver, cytochrome P-450 concentrations 
of as low as 0.02 μΜ could accurately be measured by this method. 
In addition, to eliminate any interference by hemoglobin or (which is more 
probable in the present study) by mitochondrial pigments, the procedure 
described by Estabrook et al. [14] was used. In this procedure the epithelial 
suspensions or homogenates were first gassed with carbon monoxide for 3 min, 
and thereupon divided equally into the cuvettes. A baseline was recorded and 
then a few crystals of N338204 were added to the sample cuvette. After 
recording the difference spectrum between 500 and 350 nm, the absorbance 
change at 450 nm relative to the isosbestic point at 510 nm was used for the 
estimation of the cytochrome P-450 content on the basis of a millimolar 
extinction coefficient of 100. 
Results and Discussion 
Formation of dehydroepiandrosterone metabolites 
When a suspension of lens epithelia is incubated with dehydroepiandrosterone, 
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Fig. 1. Scan of an autoradiograph of a chromatogram of the steroids extracted after incubation of 500 mg 
of tissue with radioactive dehydroepiandrosterone in the absence of a NADPH-generating system, (a) with 
a suspension of lens epithelia under air; (b) with a suspension of lens epithelia under carbon monoxide; 
and (c) without lens eipithelia under air. ADIOL, androstenediol; ADION, androstenedione; DHEA. 
dehydroepiandrosterone; Ну-, hydroxy-. 
three metabolites are formed, namely androstenedione, androstenediol and 7-
a-hydroxy-dehydroepiandrosterone [10]. Androstenediol and 7-a-hydroxy-
dehydroepiandrosterone are the most important metabolites from a quanti­
tative point of view. When the incubation is carried out under a carbon 
monoxide atmosphere, the formation of 7-a-hydroxy-dehydroepiandrosterone 
is strongly inhibited. On the other hand the formation of androstenediol is 
slightly stimulated possibly because of the availability of more NADPH (Fig. 1, 
Table I). Addition of a NADPH generating system to a homogenate of the 
epithelia appears to stimulate both the formation of androstenediol and of 7-a-
hydroxy-dehydroepiandrosterone. Formation of androstenedione disappeared 
completely in this case, probably due to the lower availability of the oxidized co-
factor (Fig. 2, Table II). When the lens cortex was separated into acytosol and a 
crude membrane fraction as described in the Methods section, hydroxylating 
activity appeared to be completely absent in the cytosol fraction, whereas it 
was present in the crude membranes. Also in this preparation the hydroxyla-
tion could be inhibited by incubation under an atmosphere of carbon 
monoxide. The formation of androstenediol occurred both in the cytosol and 
in the membrane fraction (Fig. 3).' 
In order to prove unequivocally that the hydroxylating activity is located 
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Fig. 2. Scan oí an autoradiograph of a chromatogram of the steroids extracted after incubation of 500 mg 
of tissue with radioactive dehydroepiandrosterone (a) with a homogenate of lens epithelia in the absence 
of a NADPH-generating system; (b) with a homogenate of lens epithelia after addition of a NADPH-
generating system; and (c) without the homogenate in the presence of a NADPH-generating system. 
Abbreviations as in Fig. 1. 
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Fig. 3. Scan of an autoradiograph of a chromatogram of the steroids extracted after incubation of radio-
active dehydroepiandrosterone (a) with a lene cytosol fraction; (b) with a crude membrane preparation 
under air; (c) with a crude membrane preparation under carbon monoxide; and (d) without the addition 
of tissue. (The crude membrane preparation contained 16 mg of protein). Abbreviations as in Fig. 1. 
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TABLE II 
METABOLITES OF [4-1 4C] DEHYDROEPIANDROSTERONE INCUBATED WITH A HOMOGENATE 
OF LENS EPITHELIA 
nmol formed/g tissue in 4 h 
In the absence of a After the addition of a 
NADPH-generating system NADPH-generating system 
Androstenedione 0.18 — 
Androstenediol 0.26 1.14 
7a-Hydroxy-dehydroepiandrosterone 0.26 0.48 
detergents applying a slight modification of the method of Bloemendal et al. 
[ 7 ] . Each low speed pellet was homogenized intensively using an all-glass 
Potter-Elvehjem tissue grinder. In this way 40% of the material collected from 
the gradient interface 1.14/1.16 consisted of fiber junctions as was determined 
by electron microscopial examination (compare Fig. 4A). Moreover, analysis on 
sodium dodecyl sulphate containing Polyacrylamide gels demonstrated that in 
the preparations the typical junctional polypeptides of 26 000 and 34 000 
dalton (Vermorken, A.J.M.,in preparation and ref. 15) were enriched (Fig. 4B). 
Incubation of these preparations with dehydroepiandrosterone resulted in the 
formation of 7-a-hydroxy-dehydroepiandrosterone. The formation of this 
metabolite was inhibited when the preparation was incubated under a carbon 
monoxide atmosphere (Fig. 5). It appeared that, when related t o the amount 
of protein, the hydroxylating activity of these purified membranes was lower 
than that of the crude membranes. (Table III) Probably, the conditions for 
purification are deleterious for optimal activity of the enzyme complex. 
Spectrophotometry 
According to our data the hydroxylating system in the lens has many 
properties in common with the liver microsomal mono-oxygenase system which 
is involved in the oxidative breakdown of steroids [ 1 6 ] . This membrane-bound 
system consists of the following components: cytochrome P-450, NADPH-
cytochrome с reductase, and a lipid component [ 1 7 ] . Cytochrome P-450 can 
be purified from the complex, but loses its activity then. It becomes enzymati-
cally active again when recombined with lipid and NADPH cytochrome с 
reductase. Reactions taking place in this enzyme complex are characterized by 
the following properties: (a) they can be inhibited by carbon monoxide; (b) 
TABLE III 
METABOLITES OF [4-l4C] DEHYDROEPIANDROSTERONE INCUBATED WITH MEMBRANE 
PREPARATIONS 
nmol formed/10 mg protein in 4 h 
Crude membranes Pure membranes 
Androstenediol 0.06 0.88 
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they can be stimulated by the addition of NADPH; (c) they take place in the 
membrane fraction of the cell. Moreover, after reduction with dithionite a 
difference spectrum with a peak at 450 nm can be measured in the presence of 
carbon monoxide [18 ,19] . Our results on the hydroxylation of dehydroepian-
drosterone in the lens strongly suggests that cytochrome P-450 or a related CO-
binding hemoprotein exists in this tissue. Therefore, we made attempts to 
measure difference spectra with carbon monoxide in suspensions of intact 
epithelia and in homogenates of epithelial cells. In spite of the high sensitivity 
of our technique, we were not able to obtain an interpretable spectrum, neither 
of cytochrome P-450 nor of cytochrome P-420, the inactive form of the hemo-
protein. Probably, the spectral methods available for the detection of cyto-
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В а 
Fig. 4. Α. Electron micrograph of isolated lens fiber plasma membranes gathered at the interface between 
d 1.14 and d 1.16. B. Comparison of the lens fiber plasma membrane proteins with the total proteins of 
the lens cortex, (a) Stained Pattern of the fiber plasma membranes, (b) Stained paltem of markers: bovine 
serum albumin (68 000), ovalbumin (46 000), a-chvmotrypsinogen A (25 750) and ribonuclcase (13 600). 
(c) Stained pattern of the water-soluble lens proteins, (d) Stained pattern of the total cortical lens pro­
teins. 
chrome P-450 are too harsh in proportion to the highly sensitive assay of the 
enzyme activities using radioactive substrates. 
Metabolism of dehydroepiandrosterone in tissue culture 
Since the metabolism of dehydroepiandrosterone in cultured cells has 
recently been related to the growth characteristics of these cells [20] , we 
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Kig. 5. Scan oí an autoradiograph of a chromatogram oí the steroids extracted after incubation of radio-
active dehydroepiandrosterone with purified lens fiber plasma membranes (containing 4 mg of protein), 
(a) under air; (b) under carbon monoxide; and (c) blank incubation. Abbreviations as in Fig. 1. 
investigated whether cultured lens cells still contain hydroxylating activity. 
Therefore, lens cells were cultured in two ways: on their natural substrate, the 
lens capsule, and on the bot tom of plastic tissue culture flasks. As can be seen 
in Fig. 6, 7-a-hydroxy-dehydroepiandrosterone is the major metabolite in the 
cells grown on their natural substrate. This situation does not change even after 
the cells have been k.^pt in culture for more than 10 weeks. However, when 
plastic is used as the substrate, androstenediol becomes the major metabolite 
while the hydroxylating activity diminishes. Since the culture conditions seem 
to affect the activity or the synthesis of dehydroepiandrosterone-metabolizing 
enzymes, those conditions should be selected carefully in order to optimally 
approaching the in vivo situation. Further studies will, therefore, be undertaken 
to investigate the effect of tissue culture conditions on the cellular dehydro-
epiandrosterone metabolism. 
Specificity of the hydroxylating enzyme 
For further comparison of the lens and the liver enzyme we studied the sub-
strate specificity of the hydroxylase. A number of different substrates was 
absorbance 
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Fig. 6. Scan of an autoradiograph of a chromatogram of the steroids extracted after incubation of radio­
active dehydroepiandrosterone (a) with ceils cultured on the lens capsule; (b) with cells cultured on 
plastic; and (c) blank incubation. Abbreviations as in Fig. 1. 
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Fig. 7. Scan of an autoradiograph of a chromatogram of the steroids extracted after incubation of radio-
active androstenedione with a horaogenate of lens epithelia (a) under air; (b) under carbon monoxide; and 
(c) blank incubation. (The homogenate contained 500 mg of tissue). Abbreviations as in Fig. 1. 
added to two incubation mixtures: one under air; the other one under carbon 
monoxide. Thereafter we examined whether or not metabolites were formed 
under air that were not formed under the carbon monoxide atmosphere. The 
following steroids were added to the lens epithelium homogenates: (a) choles-
terol, (b) androsterone, (c) androstenedione, and (d) androstenediol. We 
observed that cholesterol, which in the liver is hydroxylated at C-7 in the path-
way of the bile acid formation [ 2 1 ] , was not metabolized at all. The metabolism 
of androsterone was negligible. Both androstenediol and androstenedione were 
metabolized. However, only in the case of androstenedione a minor metabolite 
(with the R{ value of 7-a-hydroxy-dehydroepiandrosterone) could be detected 
that was not present after incubation with carbon monoxide. This metabolite 
may originate from dehydroepiandrosterone, since at the.R t-value of the latter 
compound a metabolite is consistently found (Fig. 7). 
Conclusions 
The enzyme in calf lens which hydroxylates dehydroepiandrosterone 
remains on the fiber plasma membranes, whereas two enzymes which are 
plasma membrane markers in other systems, namely (Na+—K+)-ATPase and 5'-
nucleotidase, disappear during lens cell differentiation. Moreover, the hy-
droxylating system of the lens seems to be specific for dehydroepiandrosterone, 
in contrast to the liver where the presence of various hemoproteins, functional 
in hydroxylation reactions, has been proposed to explain the great diversity 
of enzymatic conversions of steroids. These results suggest a regulatory role for 
this hormone in lens growth and metabolism. Since dehydroepiandrosterone 
inhibits lenticular glucose-6-phosphate dehydrogenase [ 9 ] , this regulation is 
probably exerted by control of the lens pentose cycle. 
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CHAPTER 10 
DEDIFFERENTIATION OF LENS EPITHELIAL 
CELLS IN TISSUE CULTURE 
A.J.M. Vermerken, A.A. Groeneveld, J.M.H.С. Hilderink, R. de Waal 
and 
H. Bloemendal 
Department of Biochemistry 




Lens epithelial cells can be kept in their original differentiated 
state or brought to dedifferentiation depending on the culture conditions, 
The different stages of differentiation can be identified using specific 
markers, namely the activity of steroid metabolizing enzymes, and the 
synthesis of specific structural lens polypeptides. For this reason lens 
epithelial cells in tissue culture provide a unique system for the study 
of the regulation of RNA and protein biosynthesis. 
Abbreviations : 
dehydroepiandrosterone (DHEA)=3ß-hydroxy-5-androsten-17-one. 




It has already been known for a long time that cells in tissue culture 
lose some of their in vivo characteristics. If for example a piece of 
mouse skin is dissociated into a suspension of single cells, small, 
skin-resembling structures can be acquired again after reaggregation of 
the cells. However, when the cell suspension is brought in monolayer 
culture, the cells lose this capacity after a few days (1). It has been 
proved that the changes in the cells causing the diminished capacity to 
reaggregate into structures resembling the original tissue are actually 
changes in the architecture of the plasma membrane (2). In this connection 
it has also to be mentioned, that after transformation of cells, changes 
in the cell surface have been described (3). Moreover, it has been shown 
that mitosis can be induced by mild treatment of cells with proteolytic 
enzymes (4) . 
The study of dedifferentiation of cells in tissue culture and the accompanying 
changes in biosynthetic activities might be a helpful tool for the investigation 
of those processes, which are responsible for the maintenance of tissue 
integrity. 
The lens epithelium seems to be a unique system for the study of cellular 
dedifferentiation since, in vivo, the lens grows under conditions resembling 
those of tissue culture, namely, it is growing in a monolayer, and is not 
nourished by bloodsupply as other tissues, but mainly by nutrients from 
the aqueous humor. 
Studies with lens epithelium are facilitated since the proteins synthesized 
in the epithelium have been identified (5), and an isolation method for 
epithelial plasma membranes has been described recently (6). 
In this paper we provide evidence that the alteration of the cell surface 
induced either by the growth substrate or by treatment with a proteolytic 
enzyme qualitatively affects the cellular protein-biosynthetic activity. 
137 
Materials and Methods. 
Chemicals. 
L-[ sjMethionine (spec, act 187 Ci/mmol) and Dehydro-[4- c]-epiandrosterone 
(spec, act 58.8 mCi/mmol) were obtained from the Radiochemical Centre, 
Amersham. New-born calf serum was purchased from Flow Laboratories, Scotland. 
Tissue preparation. 
Calf eyes were obtained fresh on ice from the slaughter-house. They were 
washed with distilled water and opened at the lateral side, so that the 
lenses could be removed without adhering iris material. The central part 
of the lens epithelium was then isolated by careful cutting with the aid 
of scissors. 
Culturing of lens cells. 
Lens epithelial cells were cultured on the capsules by spreading these 
on the bottom of plastic culture flasks. The capsules were allowed to 
stick to the plastic surface of the flask for 30 min at 370C. Then the 
tissue culture medium, consisting of TC 199, 0.33% lactalbumin hydrolysate 
in Hanks solution (1:2 v/v) complemented with 10% newborn calf serum, 
penicillin (100 I.U. per ml) and streptomycin (100 ug/ml), were added 
carefully. After 1 week, cells grew over the edged of the capsules on the 
bottom of the flasks. Both the cells growing on plastic and those adhering 
onto the capsules were incubated separately. 
A continuous culture of lens cells was obtained by trypsinizing the cells 
grown on plastic with 0.35% trypsin in a Ca and Mg -free tyrode solution. 
Incubation with dehydroepiandrosterone. 
The radioactive dehydroepiandrosterone (0.125 uCi/ΙΟμΙ ethanol) was added to 
5 ml of 0.1M phosphate buffer, pH7.5 containing 0.2M sucrose, and 500 units 
of penicillin G. This medium was then added to the tissue and incubation was 
performed for 4 h at 37 С under air in a metabolic shaker. After incubation 
the cells were scraped from the bottom of the tissue culture flasks and the 
reaction was terminated by the addition of 10 ml of redistilled acetone to 
the combined cells and medium. The methods for the isolation of the radio-
metabolites were as described earlier (7, 8). The spectrum of metabolites 
was examined autoradiographically by overnight exposure of the plates to 
X-ray film. The autoradiographs were scanned with a vitatron TLD 100 
densitometer. 
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Labeling of lens epithelial cells. 
Epithelial cells were labeled with L - t^5s] methionine in labeling medium 
(Hank's basic salt solution supplemented with 10% dialyzed calf serum and 
amino acids except for methionine). 
Synthesis of lens protein in vitro. 
Calf lens polyribosomes were isolated as described by Bloemendal et al. (9). 
Rabbit reticulocytes were prepared as described by Evans and Lingrel and 
lysed by addition of water (10). A 30,000 x g supernatant fraction of the 
lysed cells was used as cell-free system, and incubations were performed 
at 30 С for 1 h. The reaction mixture contained per ml: 0.5 ml of reticulocyte 
cell-free extract, 1 ymol ATP, 0.2 μιηοΐ GTP, 5 umol 2-mercaptoethanol, 10 ymol 
creatine phosphate, 50 ug creatine Phosphokinase, 50 ymol Tris-HCl, pH 7.4, 
100 ymol KCl, 3 umol magnesium acetate, and 0.1 umol of 19 amino acids, 40 yCi 
of [35S]-methionine was added as only labeled amino acid. Polyribosomes were 
added in a concentration of 400 yg per ml. 
Polyacrylamide gel electrophoresis. 
Analyses were performed by sodium dodecyl sulphate-polyacrylamide gel elec­
trophoresis according to Laemmli (11) with the modification that a slab gel 
instead of gel rods was used. The gel was 12 cm long and contained 13% acryl-
amide, 0.4% methylene-bisacrylamide and 0.1% sodium dodecyl sulphate. In 
this method a stacking gel was applied. Staining and destaining were per­
formed as described by Weber and Osborn (12). Gels were processed for auto­
radiography. For the detection of the labeled proteins the procedure of Bonner 
and Laskey (13) was used in combination with the drying procedure described by 
Berns and Bloemendal (14). 
Two-dimensional electrophoresis. 
An electrophoretic run was performed in the first direction on Polyacrylamide 
gels containing 6M-urea in 13-cm tubes as described by Bloemendal (15). There­
after, the gel was sliced longitudinally with an apparatus described by Berns 
and Bloemendal (14). The inner slice was used as sample gel for the run in 
the second dimension on a sodium dodecyl sulphate Polyacrylamide gel. This 
slice was kept in position by pouring a stacking gel solution (5% acrylamide) 










Figure 1. abscissa: migration distance on the chromatogram. (origin on the 
right) 
ordinate : absorbance 
Scan of an autoradiograph of a chromatogram of the steroids extracted 
after incubation of lens epithelial cells with radioactive dehydro-
epiandrosterone under an air atmosphere. 
a) with a suspension of lens epithelia. 
b) with cells cultured on the lens capsule. 
c) with cells cultured on plastic. 
d) with trypsinized cells. 
e) blank incubation. 
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Results and Discussion. 
When a suspension of lens epithelia is incubated with dehydroepiandrosterone 
three metabolites are formed, namely androstenedione, androstenediol and 
7-a-hydroxy-dehydroepiandrosterone (7,8). From a quantitative point of view 
7-a-hydroxy-dehydroepiandrosterone is the most important metabolite (figure la). 
When lens cells, cultured on their natural growth substrate, the lens capsule, 
are incubated with dehydroepiandrosterone, the same metabolite is predominantly 
formed (figure lb). On the other hand, when the cells are grown on the bottom 
of plastic tissue culture flasks, androstenediol becomes the major metabolite 
while the hydroxylating activity diminishes (figure 1c). After trypsinization 
of the latter cells, the dehydroepiandrosterone metabolism has changed 
drastically. Two new metabolites appear (figure Id). 
In order to obtain evidence that the changes in activity of the dehydroepi-
androsterone metabolizing enzymes were caused by alterations of the cell 
surface, either induced by the growth substrate or by the treatment with 
trypsin, the hydroxylating activity of the cells was measured after different 
intervals of time. It appeared that the activity of the cells growing on the 
lens capsule remained rather constant for more than 10 weeks. By contrast, 
cells originating from the same capsule, once on plastic (after about a week) 
showed a hydroxylating activity characteristic for this type of culture 
(figure 2). Also trypsinized cells cultured on plastic showed a metabolic 
pattern characteristic for this type of cells, irrespective of the moment of 
trypsinization. 
Since a clear relationship could be established between cell culture condi-
tions, -in aasu changes of the cell surface, and enzyme activities, it was 
also investigated whether changes in the protein patterns of these cells 
could be correlated with the alterations in culture conditions. The protein 
pattern of the central lens epithelium has been described previously (5), 
and is compared with that obtained after addition of lens cortex polyribosomes 
to the reticulocyte lysate in (figure 3a and b). Furthermore in figure 3 the 
different patterns are shown that are obtained after incubation with [^s]-
methionine of the cells cultured under the three different conditions, (i) The 
cells grown on the capsule yield a pattern as shown in figure 3c. (ii) The 
pattern obtained with cells grown on plastic is depicted in fig. 3g. (iii) The 
pattern of cells treated with trypsin is given in fig. 3h. 
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Figure 3. Autoradiograph of a sodium dodecyl sulphate gel electrophoretic 
pattern of different radioactive proteins synthesized in various 
systems. 
a) in the reticulocyte lysate after addition of lens polyribosomes. 
b) in the central lens epithelium, immediately after isolation. 
c) in cells cultured on the lens capsule, the capsule was fullgrown. 
d) in cells in mitosis, cultured on the lens capsule. 
e) in cells growing on the "treated" capsules, when these are 
fullgrown again. 
f) in cells growing on the lens capsule and incubated in the pres­
ence of actinomycin-D. 
g) in cells cultured on the bottom of plastic tissue culture flasks. 
h) in trypsinized cells. 
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It is evident that also with regard to the protein pattern, remarkable differ­
ences are found as a result of changes of the culture conditions. Also in this 
case the time of culturing did not markedly affect the polypeptide profile. It 
can be seen that the polypeptide profile of the cells grown on the lens capsule 
and that of the central lens epithelium are almost identical. On the other 
hand, the protein pattern of cells grown on plastic is only comparable with the 
other two patterns as far as the high molecular weight region is concerned. The 
synthesis of polypeptides of molecular weights lower than 30,000 which proceeds 
in the cells grown on their natural growth substrate completely disappears in 
cells grown on plastic. Two-dimensional Polyacrylamide gel electrophoresis re­
veals that the two components of molecular weight of about 20,000 in the 
pattern of the cells grown on the lens capsule can be identified as the A 
chain and the В chain of a crystallin (figure 4). The polypeptide pattern 
of the cells treated with trypsin is no longer comparable with that of the 
original lens cells. 
The findings described strongly favor the assumption that cell surface changes 
induced by different culture conditions affect the regulation of protein bio­
synthesis in the cell. However, two other explanations have also to be considered. 
1. The cells on the lens capsule may be in a different stage of the cell-cycle 
than the cells on plastic. 
2. The difference in a-crystallin synthesis between the cells growing on the 
capsule and on plastic might be due to different stabilities of mRNA's coding 
for these polypeptides as compared to mRNA's coding for polypeptides of higher 
molecular weight. Such a stabilization of mRNA in lens epithelium has been 
suggested by Iwig and Classer (16,17). 
In order to exclude the latter two possibilities, lens capsules were spread 
on the bottom of tissue culture flasks while from part of the capsules most 
of the cells were removed with a rubber policeman. The cells were then 
cultures for eight days and incubated with [35s] methionine. By this time, 
the untreated capsules were completely full-grown. However, on the treated 
capsules only few cells were present. The untreated epithelia incorporated 
about ten times the amount of radioactivity as compared to the treated ones. 
Product analysis revealed that a-crystallin was synthesized to the same extent 
in both preparations (see figure 3c and 3d). After two weeks the treated cap­
sules were completely full-grown, indicating that the cells were in active 
mitosis when they were first incubated. Also these full-grown (treated) 
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-Figure 4. Autoradiograph of a two-dimensional gel electrophoretic pattern 
of protein synthesized in cells grown on the lens capsule. 
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epithelia synthesize crystallins to the same extent as the untreated ones 
(figure 3e). 
In order to investigate a possible difference in stability of the mRNA's 
coding for the oc-crystallin chains and those coding for the proteins of 
higher molecular weight, cells were grown on the lens capsule, in the presence 
and absence of 5 ug/ml of actinomycin-D for 16 hours. 
Thereafter, the cells were labeled with [35s] methionine. The incorporation 
rate of the cells treated with the antibiotic was less than 10% of that of 
the control cells. Nevertheless, product analysis did not reveal any signifi-
cant relative increase in the synthesis of the a-crystallin chains (figure 3f). 
Therefore, mRNA stability does not account for the continued a-orystallin 
synthesis in lens epithelial cells grown in tissue culture. 
In conclusion it can be stated that alterations of the surface of lens epi-
thelial cells induced either by the growth substrate or by treatment with 
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In chapter 1 a method for the isolation of plasma membranes from calf 
eye lens fiber cells is described. The purified fraction is character­
ized by the occurrence of a large number of junctional complexes. Spe­
cific membrane protein components have been separated electrophoret-
ically from structural lens proteins. 
In chapter 2 the biosynthesis of the non-crystallin proteins is de­
scribed. These are formed in the lens cell-free system as well as in a 
heterologous system after addition of isolated lens-polyribosomes. 
In chapter 3 we demonstrate that messenger RNA coding for the non-
crystallin lens proteins can be purified by affinity chromatography on 
oligo-dT-cellulose under specific conditions. 
We also noticed that not all the individual lens-polypeptides are syn­
thesized de novo (chapter 2 and 3). Most striking is the fact that 3„ 
is not synthesized. In chapter 4 it is shown that β formation depends 
upon the presence of a specific polypeptide which arises by post-trans-
lational modification of a pre-existing polypeptide. 
The preparation of plasma membranes from lens epithelium is described 
in chapter 5. Electron microscopy revealed that the major difference 
between membranes isolated from epithelium and fibers, is the occur­
rence of large areas of communicating junctions between the fibers. Two 
predominant polypeptides with molecular weight of 45,000 and 34,000, 
respectively, of plasma membranes derived from lens epithelium were also 
found in the protein pattern of lens fiber membranes whereas another 
major membrane protein component (mol. weight 26,000) appeared during 
lens fiber elongation. As far as synthesis in vitro of membrane poly­
peptides is concerned only the 34,000 mol. weight major component 
could be detected. 
A rational nomenclature for lens plasma membrane protein components is 
given in chapter 6. 
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The biosynthesis of protein in lens epithelium is described in chapter 7. 
During differentiation there is a quantitative change in the synthesis 
of crystallin subunits. A marked increase in aA-chains and several 3-
crystallin polypeptides accompanies the transition from epithelial to 
fiber-like lens cells while the synthesis of the non-crystallin proteins 
diminishes significantly, 
As far as it is known the crystallins have only structural significance. 
Therefore, we made a search for enzymic markers in the lens that could 
be explored in the study of differentiation. In view of the fact that 
the activity of dehydroepiandrosterone (DHEA) metabolizing enzymes has 
been related to epidermal differentiation, we studied the metabolism of 
this hormone in the lens. In chapter 8 we argue that the pentose cycle 
is under control of the DHEA metabolism. 
In chapter 9 we provide evidence that hydroxylation of the steroid hor-
mone dehydroepiandrosterone in the calf lens is inhibited by carbon 
monoxide and stimulated by NADPH. The enzyme concerned was found to be 
membrane-bound. Preparations of purified lens fiber plasma membranes 
also hydroxylate dehydroepiandrosterone. This indicates that the fiber 
plasma membranes act as supports for enzyme complexes. A regulatory 
role for dehydroepiandrosterone in lens growth and metabolism is pro-
posed. 
Finally we discuss in chapter 10 that lens epithelial cells can be kept 
in their original differentiated state or brought to dedifferentiation 
depending on the culture conditions. Different stages of differentiation 
can be identified using both the activity of the steroid metabolizing 
enzymes and the synthesis of specific structural lens polypeptides. 
In conclusion, we have contributed to the elucidation of the biosynthet-
ic events in the eye lens. Its plasma membranes have been isolated and 
characterized. Changes in the structure of the latter cell organelles 
could be correlated to changes in cellular protein biosynthesis. 
Hence lens tissue provides a unique tool to studying the control of RNA-
and protein biosynthesis in a specialized eukaryotic system. 
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SAMENVATTING 
In hoofdstuk 1 wordt een methode beschreven voor de isolatie van plas-
mamembranen van vezelcellen van de ooglens van het kalf. De gezuiverde 
membraan-fractie bevat veel junctions (kontaktplaatsen van cellen). De 
membraan-eiwitten kunnen elektroforetisch worden gescheiden van de 
crystallines. 
Onderzoek naar de biosynthese van de niet-crystalline eiwitten wordt be-
schreven in hoofdstuk 2. Deze worden zowel in het lens celvrij systeem 
gevormd, als in een heteroloog systeem na toevoeging van geïsoleerde 
lenspolyribosomen. 
In hoofdstuk 3 tonen we aan dat met behulp van affiniteits-chromatografie 
aan oligo-dT-cellulose, onder speciale omstandigheden een messenger RNA 
fractie kan worden geïsoleerd die voor de niet-crystalline eiwitten co-
deert. 
We hebben tevens gevonden dat niet alle lens-polypeptide ketens de novo 
worden gesynthetiseerd (hoofdstuk 2 en 3). Het meest opvallend is het 
ontbreken van de synthese van ß . In hoofdstuk 4 laten we zien dat de 
H 
vorming van 13 de aanwezigheid van een specifieke subeenheid vereist, 
H 
die doorpost-translatie modificatie uit een de novo gesynthetiseerd poly-
peptide ontstaat. 
Een methode voor de isolatie van plasmamembranen uit het lens-epitheel 
wordt beschreven in hoofdstuk 5. Elektronen-mikroskopische opnamen tonen 
aan dat de vezelplasmamembranen veel meer en veel grotere junctions be-
vatten dam de epitheel-membranen. Twee van de drie voornaamste polypep-
tideketens van de lensvezelmembranen, met molecuulgewichten van 34.000 
en 45.000 komen ook voor in het polypeptide patroon van de lens-epitheel-
membranen. Het derde polypeptide, met een molecuulgewicht van 26.000 
wordt niet in de epitheelmembraanfraktie aangetroffen. Van het polypep-
tide met molecuulgewicht 34.000 kon met behulp van specifieke inunuun-
precipitatie worden aangetoond dat het in de lensvezels op vrije polyri-
bosomen wordt gesynthetiseerd. 
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Een rationele nomenclatuur voor de eiwitcomponenten van de lens-plasma-
membranen wordt in hoofdstuk 6 gegeven. 
In hoofdstuk 7 wordt de eiwitbiosynthese in het lensepitheel beschre­
ven. De cellen van het centrale deel van het lensepitheel synthetise­
ren voornamelijk niet-crystalline-eiwitten. Van de water-oplosbare 
lenseiwitten wordt vrijwel uitsluitend de B_-keten van α-crystalline 
gevormd. Gedurende het differentiatieproces van lensepitheelcel tot 
lensvezelcel zien we een geleidelijke toename van de synthese van de 
oA.-keten en van de ß-crystallineketens. De synthese van de niet-crys-
tallineketens neemt daarentegen geleidelijk af. 
Voor zover bekend hebben de crystallines uitsluitend een strukturele 
funktie in de ooglens. We hebben daarom gezocht naar enzymen die als 
markers kunnen worden gebruikt bij het differentiatie-onderzoek. Aange-
zien er een verband is aangetoond tussen de aktiviteit van dehydroepi-
androsteron (DHEA) metaboliserende enzymen en de epidermale differen-
tiatie hebben wij het metabolisme van dit hormoon in de lens bestu-
deerd, In hoofdstuk 8 maken wij aannemelijk dat de aktiviteit van de 
pentosefosfaat cyclus wordt gereguleerd door de mate van het DHEA-rae-
tabolisme. 
In hoofdstuk 9 wordt het belangrijkste enzym, dat DHEA hydroxyleert, 
gekarakteriseerd. Geïsoleerde lensvezel-plasmamembranen bevatten het 
enzym, terwijl enzymen die als specifieke membraan-markers bekend 
staan hierin juist ontbreken. Dit en het feit dat het enzym specifiek 
is voor DHEA suggereert dat het hormoon een regulerende funktie heeft 
bij de groei en het metabolisme van de lens. 
Tenslotte bespreken we in hoofdstuk 10 dat lensepitheelcellen afhanke-
lijk van de kweekomstandigheden in hun oorspronkelijke gedifferentieer-
de toestand gehouden kunnen worden of kunnen dedifferentiëren. Diverse 
stadia van dedifferentiatie kunnen worden geïdentificeerd zowel door 
meting van de aktiviteit van de steroid-metaboliserende enzymen als door 
analyse van de gesynthetiseerde specifieke lens-polypeptiden. 
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Samenvattend kunnen we stellen dat in dit proefschrift een bijdrage is 
geleverd aan de opheldering van de eiwit-biosynthetische gebeurtenissen 
in de ooglens. Tevens zijn methoden ontwikkeld voor de isolatie van 
lens plasmamembranen. 
Aangezien veranderingen in de struktuur van deze celorganellen gecorre-
leerd konden worden aan veranderingen van de cellulaire eiwitpatronen, 
vormt de lens een waardevol systeem voor de bestudering van de regulatie 
van eiwit- en RNA synthese. 
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